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DISCUSSION DRAFT 
A PLAN TO ESTABLISH A JOINT 
GOVERNMENT, INDUSTRY, COMMUNITY 
INDOOR AIR QUALITY DATA CENTER 


INTRODUCTION 

Many public agencies and private organizations have grow¬ 
ing interests in analyzing and understanding the challenges and 
the problems of indoor air quality. The ability to conduct satis¬ 
factory analyses, however, depends on the continuing collection 
and easy availability of appropriate data of assured quality. 
Further, this assured quality should be recognized by the entire 
community of interest in indoor air quality so that it is no longer 
a factor in differing analytical interpretations. 


Cooperation in establishing and operating a National 
Data Center for the acquisition, evaluation, archiving, and 
retrieval of such data would be of benefit to the nation and of 
specific benefit to organizations and agencies that choose to parti¬ 
cipate. Participants would be encouraged to contribute to the 
Center's data collection, but participation would obviously not 
imply a commitment to necessarily accept the results of analyses 
resulting from these data. 

It is suggested that because a National Data Center would 
be focused on objective data and its quality and not on the use or 
interpretation of analyses dependent on the data, cooperation in 
such a venture should be "neutral" with respect to any divergent 
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interests. Success in a risk-free enterprise might serve to reduce 
unjustified and outworn suspicions and promote more objective review 
of future analyses that might be put forward by one participant or 
another in other forums. 

BACKGROUND 


Concern with the quality of indoor air is not new to 
society despite the attention currently being given to the subject. 
The need to design effective heating, ventilating, and, eventually, 
air conditioning systems prompted studies that attempted to quantify 
the desirable number of air exchanges per unit time for a variety 
of specific conditions. In carrying out these studies many dealt 
with the presence of a variety of indoor and outdoor sources and 
the need to filter and/or condition both the return and make-up air. 

While many of these studies were carried out by the pri¬ 
vate sector with regard to specific work or residential spaces, a 
considerable number represented more general studies conducted at 
universities both in the US and abroad. In addition the Department 
of Defense has a long history of interest and research on indoor 
environments involving long residence times of military personnel 
in sealed areas such as nuclear submarines and missile launch con¬ 
trol-rooms. What is clear is that a significant body of data has 
been collected, over the last several decades, that touches on 
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many of the aspects of the indoor air problem for which concern 
is currently being expressed. However, the full depth or extent 
of the studies conducted and the data are available is not com¬ 
pletely clear at the present time. 

To date no coordinated, broadly based attempt has been 
made to search out and acquire all of the available data, screen 
and classify them, and produce an integrated picture of what is 
currently known about the indoor environment. Such a picture might 
include data on exposures to various substances under a variety of 
circumstances, quantitative descriptions of emission factors for 
various indoor sources, baseline data on building types and their 
geographic distribution, etc. 

PROPOSED JOINT DATA CENTER PROGRAM 

Any attempt to find solutions to the problems posed by 
human exposure to indoor pollution must start with a clear idea of 
what information is available and what additional information must 
be obtained so as to allow us to fully understand the nature of 
indoor air problems and the nature of the conditions under which 
they are produced. For this reason a cooperative program should be 
instituted which will have as its primary goals (1) the collection 
of all available data that can illuminate the nature of the indoor 
air problems, (2) the screening, evaluation, and classification of 
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these data so as to provide some assurance as to their quality and 
some quantification of the uncertainties involved in their analyti¬ 
cal application, and (3) the integration and assembly of these 
data so as to provide a consistent set of baseline information. 

Potential participants in a National Center for Indoor 
Air Data might include many sectors, but might specifically include 
the following: 


Federal agencies — (plus parallel state and local 
agencies) 

EPA 

OSHA 

DOE 

HUD 

NIH 

NIOSH 

NSF 

NIST 

DOD 

GSA 

Industry — 

Carpet/Rug Institute 

Chemical Specialties Manufacturers Assoc. 

Gas Research Institute 
Tobacco Industry 
Building Products Industry 
National Paint and Coatings Assn. 

HVAC Manufacturers 

Electric Power Research Institute 

Fragrance Manufacturers 

Air Conditioning Contractors of America 


Labor 
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Professional organizations 
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STEPS TOWARD A JOINT DATA CENTER 

The following describes a range of probable steps for 
implementing a National Indoor Air Data Center. In order to imple¬ 
ment such a center, the following elements may be necessary pre¬ 
requisites: 

• There may need to be a consensus among the "indoor 
air community" that such a center would be a positive 
step in advancing their work. 




There may need to be agreement among the community 
as to the types and quality of data to be compiled 
at the center and methods of accessing the data. 


There may need to be absolute trust in the integrity 
of the stewards of the data and of the data's 
validity and value. 
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° The center should be seen as a source of expertise 
regarding research studies, as well as an archive 
of data. 

* There will need to be a mechanism for ongoing finan¬ 
cial support of the center. 

BUILDING A CONSENSUS 


There already is concern regarding the current state of 
the art of acquiring and analyzing indoor air data, as evidenced 
by discussions at the recent ASHRAE meeting (IAQ *91) in Washington, 
DG, where architects and designers were being told to specify 
"healthy" materials, and material manufacturers were asking ques¬ 
tions such as "what do we measure and how?," while researchers 
were bemoaning the lack of available data. This fragmentation can 
be mitigated through efforts to achieve consensus among "groups" 
noted above and referenced below: 

° Indoor Air Researchers — (universities, consulting 
firms and research Institutions) . This is the 
simplest group to convince as they all would be 
very interested in having access to the resources 
of such a center, and they have experience in similar 
situations. 
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° EPA — There are at least three different "factions" 
within EPA that work with indoor air, one at Washing¬ 
ton and two at RTP. Convincing two or more of the 
key individuals with EPA most likely would be suffi¬ 
cient to bring the EPA along, if it doesn't have to 
put up large amounts of money. 

° Materials Manufacturers — (carpet manufacturers, 
furniture manufacturers, chemical companies (coatings 
+ adhesives) and the like). This group may be the 
most difficult to convince, as their products could 
be involved. 

° Architects and Ventilation Engineers — This group 
would benefit the most from a center, but the wide 
disparity of technical skills represented in these 
groups may make widespread cooperation difficult. 

STEWARDS OF THE DATA: DATABASE LOCATION 

Although the U.S. EPA could perhaps meet the qualifica¬ 
tions for stewardship of the center, there may be other non-EPA 
options that would be more compelling. The reasons for this are 
as follows: There have been a number of other "databases" developed 
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by EPA since its inception that have fallen into disuse and inacces¬ 
sibility as the tides have shifted within EPA. The EPA could be 
subject to bureaucratic inertia that may lessen the forceful con¬ 
tinuance of the project. Second, many EPA staff may be perceived 
to have strong prejudgments in this as in other subject areas. 
Similar objections may apply to a consulting organization. 

Other recommended choices could include (i) a university 
or university affiliate that could provide personnel and physical 
facilities and also the prestige and long-term commitment necessary 
to the success of such a center, or (ii) a National Laboratory 
under the auspices of the Department of Energy. 

USES OF THE DATA 

The principal uses of the data would be to address present 
problems with present materials, structures, and equipment, and 
also to address alternative control scenarios and support develop¬ 
ment of new technologies (materials, equipment, and operating condi¬ 
tions) . 


SUPPORT FOR THE CENTER 


Support for the National Indoor Air Data Center could 
come partially from EPA, if only to lessen the development of a 
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"Not Invented Here" resistance among EPA people. Other sources of 
support might include the Building Industry, and individual manufac¬ 
turers or associations of manufacturers of materials or equipment 
having impacts on indoor air quality. 


DATA CENTER PROFILE; COSTS 

Personnel: 1st year 3 technical (including techni¬ 

cal/administrator) plus 2 cleri¬ 
cal/research assistants. 

2nd year 4-6 technical plus 3-4 clerical and 

research assistants. 


Equipment: 


1st year 2-386 or 486 personal computers. 

2nd year 4-386 or 486 personal computers. 

A rough estimate of the cost for this type of an activity 


could average out to be of the order of $500,000 per year for the 
first two years for a comprehensive program. If successful, and 
if the Data Center is accepted as a resource of the Indoor Air 


community, the level of activity might increase at the rate of about 


10% per year for the next several years. 


m 


DATA CENTER STAFFING 

The technical staff would consist primarily of people 
trained in statistics, data processing, and data management. This 
staff would be concerned with (4) collecting data, (5) assessing 
its quality, and (6) archiving the data in a usable, consistent 
form. In addition, the staff would be concerned with deriving 
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methodologies that permit the relatively sparse and sporadic data 
to be combined into an acceptable, more general set with broader 
application. Finally, the staff would publish reports that provided 
evaluations of the available indoor air data, as well as clear 
indications as to current "gaps in knowledge" as indicated by areas 
where little or no information exist, and where the community should 
concentrate its data generating activities. In carrying out these 
activities, the staff could bring together panels of outside experts 
to examine collections of data for specific areas of desired infor¬ 
mation, and provide advice as to their quality, shortcomings, and 
proposed methodologies for combining and extending them into more 
general sets. 


TYPES OF DATA 


M 


The data would range across the complete spectrum of 
those required to characterize the indoor problems and their causes. 
In addition to database information on IAQ investigations being 
compiled at the Data Center, one could visualize epidemiological 
data, population exposure data, population dynamics data, indoor 
source and sinks data, data that establish the interaction and 
transformation of pollutants in the indoor environment, data that 
characterize buildings, their operations and problems (ventilation, 
energy usage, etc.) , data on "sick buildings" and their characteris¬ 
tics, data that characterize the decay and aging of pollutants in 
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the presence of other components, data on monitoring methods and 
their evaluation, data on modeling and other analytical techniques 
and their evaluation, etc. These are but a few of the databases 
that can be usefully collected, evaluated, and archived. If suc¬ 
cessfully accomplished, the activities of the National Data Center 
and the material it produces could provide considerable aid in 
bringing a degree of rationality to the search for solutions to 
indoor air problems. 
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EPA AND JOINT INITIATIVES 


BACKGROUND 

The EPA has, for some time, been contemplating the possi¬ 
bility of working with outside groups and industry but it has only 
been in the past year that they have been able to work out the 
particulars. 

In May 1990, in a document entitled, "Preliminary Analysis 
of the Public Costs of Environmental Protection: 1981-2000," EPA's 
Office of Administration and Resources Management (OARM), predicted 
that the public costs of maintaining 1987 environmental quality 
would grow from $40 billion a year in 1987 to more than $60 billion 
in the year 2000'. Although it was only a preliminary look at costs 
of environmental protection, the $21 billion difference, according 
to the OARM study, would be between what governments spent in 1987 
on environmental protection and what EPA projected they would need 
to spend by the year 2000. The study stated that approximately 
$5.3 billion would be required by local governments alone in 2000 
to comply with 22 new environmental regulations. 

Shortly thereafter, in a related document entitled, 
"Environmental Investments: The Cost of a Clean Environment," 
EPA's Office of Policy, Planning and Evaluation (OPPE), reported 
to Congress that the nation needed an investment of $115 billion 
to protect and restore the nation's land, water and air. According 
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to the report, the $115 billion figure was approximately 2% of the 
gross national product. 


The "Cost of a Clean Environment" report included pro¬ 
jected private sector/industry costs as well as all governmental 
costs for existing and new regulations. The report, required under 
Section 312(a) of the Clean Air Act and Section 516(b) of the Clean 
Water Act carried the following messages to Congress: 


Spending on environmental problems is rising signifi¬ 
cantly, 


allocation of resources is changing, and 


costs of pollution control are rising at a time 
when unmet environmental needs are large. 


In assessing costs through the year 2000, the study found 
that costs would rise to $171 billion a year in 1990 dollars if 
present levels of implementation were met. An additional $14 bil¬ 
lion were costs associated with ozone attainment provisions of 
the CAA and funding of wastewater treatment under CWA. Full imple¬ 
mentation of environmental regulations weighed in at $185 billion. 
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Based on these figures, the Administrator of EPA outlined 
priorities to work toward ensuring that resources devoted to achiev¬ 
ing the nation's environmental goals were used effectively and 
efficiently as possible. The priorities included: 

° Apply more cost effective approaches to environmental 
protection; 

° Engage in negotiations and voluntary agreements to 
cut pollution; 

• Foster breakthroughs in cleanup technologies; and 

° Explore new ways to finance environmental improve¬ 
ments. 

With the release of these two economic documents, and 
recognizing that costs of environmental protection are growing, 
and that the rising costs call for innovative approaches to 
financing: environmental programs and activities, EPA began work on 
initiatives to help address environmental and resource challenges, 
promote greater cooperation with state and local governments and 
encourage the use of innovative technologies. Some of the 
initiatives include: 

t-T 
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Pollution prevention — promotes integrated environ¬ 
mental approach stressing the prevention of pollution 
through techniques such as waste minimization and 
recycling. 

Public/private partnerships — these partnerships 
exist when public and private sectors share responsi¬ 
bility for providing environmental services. 

Alternative financing — assists government entities 
in discovering and using funding mechanisms other 
than general appropriations or federal grants to 
raise revenues. 


Technology development — since EPA provides the 
states and other governments with tools needed to 
implement required programs this initiative strives 
to reduce compliance costs via the development of 
cleanup technologies that are more effective and 
efficient. 


Technology transfer — technology transfer seeks 
improved environmental results by creating a climate 
that fosters cooperative approaches to solving 
problems, building knowledge and skills, and expand- 
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ing the use of technology transfer through technical 
assistance training and focused informationi dissemin¬ 
ation. 


It is under the aegis of technology transfer that the 
EPA is currently advancing their efforts on cooperative agreements 
with industry. Using a 1986 federal mandate called the Federal 
Technology Transfer Act (FTTA) of 1986 which encouraged federal 
laboratories to share their developments with private industry, 
state and local governments, EPA launched, in 1990, its first agree¬ 
ments with' industry. 



of commercial pollution' control technologies, the general feeling 
was that it was passed to remove barriers to the development of 
commercial pollution control technologies. The FTTA makes coopera¬ 
tive research agreements possible between federal laboratories, 
industry and academic institutions. Under the FTTA a company can 
support applied research at an EPA laboratory while reserving first 
rights to involvement in any technology that results. 


One of the first cooperative agreements under the FTTA 
involved Exxon and the federal government. Exxon signed a $3.5 
million agreement with the federal government to have EPA provide 
technical expertise on the Alaskan sound oil spill. 
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Another example of an evolving partnership agreement is 
the one being worked out between the EPA and the carpet industry. 
The agreement will help control the release of volatile organic 
compounds, (VOC's) from carpets, carpet padding, adhesives, and 1 
related products. The EPA labor group, the National Federation of 
Federal Employees (NFFE) had filed a citizen's petition under the 
Toxic Substances Control Act (TSCA) in January 1991, alleging the 
existence of toxic emissions from new carpets and asking the agency 
to promulgate regulations for the carpet industry. Although there 
was insufficient data to support labor's allegations, the agency 
took steps to promote a voluntary effort by the carpet industry to 
determine the presence of possible hazards and to suggest steps 
which could be taken to minimize any health risks that could : be 
identified. 

To assist in the implementation of the FTTA, the EPA 
established the National Advisory Council for Environmental Tech¬ 
nology Transfer (NACETT) on July 7, 1988. The Advisory Council 
was charged by the EPA Administrator to develop a "bank of ideas" 
on technology innovation and economic stimulus, public education and 
international collaboration. 

NACETT is comprised of approximately three dozen leaders 
drawn nationwide from industry, state and local government, venture 
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capital firms,, environmental advocacy groups, universities and the 
media. EPA uses NACETT to seek ways to enhance its performance as 
regulator with innovative cooperative programs that stimulate the 
creative potential of American environmental expertise and industry. 
NACETT complements the EPA's Science Advisory Board (SAB) in that 
they too report to the Administrator of the EPA in a federal 
advisory capacity. 

In June 1990, the EPA, in renewing the charter for the 
NACETT, changed Its name to the National Advisory Council for 
Environmental Policy and Technology (NACEPT). NACEPT continues to 
meet quarterly. 
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MEMORANDUM OF UNDERSTANDING 


A. BACKGROUND 

The EPA initiated a dialogue process in April, 1990, to 
undertake certain actions with respect to reducing emissions 
from carpet. One aspect is to develop a program for the 
voluntary testing of, and collection of data on, total volatile 
organic compound (TVOC) emissions from carpet. See "Carpet: 
Response to Citizens' Petition," 55 FR 17,404 (April 24, 1990) 
and "Carpet Emissions Reduction; Policy Dialogue," 55 FR 31,640 
(August 3, 1990). 

As part of the dialogue process, the Carpet Policy 
Dialogue Group reached a consensus agreement (February 28, 
1991)' on the Carpet and Rug Institute Consensus Statement: 
Testing Program for Carpet Products. In reaching this 
agreement the Carpet Dialogue Group indicated to its sponsor 
(EPA) that the testing program described in the Consensus 
Statement could provide the basis for a Memorandum of 
Understanding to initiate voluntary action(s) by industry in 
response to the charter set by EPA in the Federal Register 
notices. This Consensus Statement describing the testing 
program for carpet products with Attachments A and B is affixed 
(Exhibit I). 


B. PURPOSE 

The CRI and EPA are entering into this Memorandum of 
Understanding for the purpose of initiating the provisions and 
follow-up expectations as stated within the context of the 
above mentioned Carpet Dialogue Consensus Statement and for 
providing for the product testing and reporting of data 
developed from the Carpet Testing Program as outlined therein. 


C. SUBSTANCE OF THE AGREEMENT 

This Memorandum of Understanding formally establishes a 
framework in which a voluntary program response for actions 
described in the Federal Register notices noted above can be 
fulfilled. Therefore, CRI and EPA enter into the following 
understandings: 
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2. 


Confidentiality 


The testing, data development, and data reporting 
shall be conducted in accordance with the confidentiality 
provisions of the Consensus Statement and EPA shall 
maintain the protections afforded in such confidentiality 
provisions. 

a. Confidential Business Information (CBI) 

Information submitted to EPA under provisions 
of the Toxic Substances Control Act (TSCA), in 
support of TSCA, or as FYI under the terms of a 
voluntary testing agreement is subject to the 
provisions of Section 14 of TSCA and to EPA's 
Regulations on the Confidentiality of Business 
Information. All responses/correspondence will be 
placed in the OTS public files unless confident¬ 
iality is claimed in accordance with the procedures 
outlined in Exhibit III, entitled: "Support 
Information for Confidentiality Claims." Additional 
information about confidentiality claims can be 
found in 40 CFR Chapter 1, Section 2.203 sea , and 
41 FR 36902, September 1, 1976 as amended at 43 FR 
40000, September 8, 1978 and 50 FR 51661, December 
8, 1985. In the event that a claim for 
confidentiality is made on all or part of the 
provided information, said information will only be 
released by the EPA to the extent, and by means of 
the procedures, set forth in the cited regulations. 
Requests for confidentiality should be addressed to 
U.S. Environmental Protection Agency, Office of 
Toxic Substances, Document Processing Center (TS- 
790), 401 M Street S.W., Washington DC, 20460 (Attn: 
Frank Caesar, Carpet Emissions Administrative 
Record). 

b. Data Submission 

The CRI shall submit a final report on the 
Carpet Testing Program as described in section 3.4.4 
of the Consensus Statement and in accordance with 
the QAPjAP. A cover letter along with two (2) 
copies shall be submitted for public access to the 
U.S. Environmental Protection Agency, Office of 
Toxic Substances, Information Management Office (TS- 
793), 401 M Street S.W., Washington DC, 20460, Attn: 
Lynn Marcus, Carpet Emissions Administrative Record. 
If the test results contain Confidential Business 
Information (CBI) the package must contain the cover 
letter, the original submitted in accordance with 
the Consensus Statement and two (2) copies of the 

3. 


Source: https://www.industrydocuments.ucsf.edu/docs/zzvjOOOO 


2024722161 



E. 


OTHER AGREEMENTS 


Nothing in this Memorandum of Understanding precludes EPA 
from' any other steps it deems necessary to carry out any 
applicable laws, regulations, or policies. These include 
activities listed in the U.S. Code of Federal Regulations, and 
the reduction of carpet emissions described in the Federal 
Register notices cited above. Furthermore, this Memorandum of 
Understanding does not preclude EPA from entering into separate 
agreements with individual carpet manufacturers that are 
presently not constituent members of the Carpet and Rug 
Institute. It is understood that any such separate agreements 
pertaining to the subject matter of this MOU' will not contain 
provisions less stringent or contrary to those terms and 
conditions stipulated herein. Similarly, nothing precludes CRI 
from entering into similar agreements with their contractors, 
or constituent members for the purposes of conducting and 
reporting testing, or similar agreements with other regulatory 
Agencies. 


F. NAME AND ADDRESS OF PARTIES 


1. Carpet and Rug Institute 
Box 2048, Holiday Avenue 
Dalton, Georgia 30720 


2. U.S. Environmental Protection Agency 
Office of Toxic Substances 
401 M Street, sw 
Washington, DC 20460 
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Exhibit I.* Carpet Dialogue - Carpet and Rug Institute Consensus 
Statement: Testing Program for Carpet Products 


CARPET DIALOGUE 


CARPET AMD RUQ INSTITUTE 
CONSENSUS STATEMENT: 

Testing Program for Carpet Products 


February 28, 1991 


lj * Available as Appendix C in tha Carpet Policy Dialogue * Interip Progreaa Report. Copies nay be obtained 

from the following address: 

Dsve ICling 
Acting Director 

Environmental Assistance Division 
Environmental Protection Agency 
401 M Street, SU 
Washington, DC 20460 
Telephone (202)554-1404 
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XHI3IT 


Office of Toxic Substances Guidance Document for the 
Preparation of Quality Assurance Project Plans for 
Industry Studies. 




DRAFT 


February, 1991 


OFFICE OF TOXIC 8UBSTANCB8 GUIDANCE DOCUMENT FOB TIB 
FREEABATION OF QUALITY ASSURANCE 
PROJECT PLANS FOR INDU8TRY STUDIES 


Prepared by 

Barbara Leczynski 

DAVID C. COX 6 ASSOCIATES 
1620 22nd St. NW 
Washington, D.C. 20008 

Contract 68-D0-0099 


* Copies available by request from: 

Dr. J. Glatz, OTS Quality Assuranca Officer 
Ms. Edia Sterrett, Project Officer 
Office of Toxic Substances 
U.S. Environmental Protection Agency 
401 K St. SW (TS-798) 

Washington, D.C. 20460 
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EXHIBIT III. 


Support Information for Confidentiality Claims 


Information submitted under specific reporting requirements 
of the Toxic Substances Control Act (TSCA) or in support of TSCA 
is subject tO' the provisions of Section 14 of TSCA and : to EPA’s 
Regulations on the Confidentiality of Business Information (see 
40 CFR Part 2). You must comply with the following procedures to 
assert a claim of confidentiality for the information solicited 
in the attached letter. Failure to follow these procedures fully 
at the time you submit the information to EPA will be interpreted 
by the Agency as a waiver of your claim of confidentiality. 

Assertino a Claim 


Information claimed as confidential must be clearly marked 
by boxing, circling or underlining. All pages containing such 
information should also be stamped "CONFIDENTIAL". Care should 
be taken to ensure that these markings do not obscure the sub¬ 
mission's text. 

Sanitized Copy 

Two copies must be submitted of any documents containing 
information claimed as confidential. One copy should be com¬ 
plete, with the information being claimed as confidential marked 
in the manner described in the preceding paragraph'. The other 
copy should have all of the information claimed as confidential 
excised. This version will be placed in EPA's Public Files. 

Substantiating Claims of Confidentiality 

Detailed written responses to the following questions must 
be provided at the time you submit information for any portion of 
the information you claim as confidential. Your responses should 
be as specific as possible, with examples as appropriate, and 
should provide substantiation arguments for all types of informa¬ 
tion (e.g., sales or production/importation volumes, chemical 
identity, company identity) you claim as confidential. 

1. For what period of time do you assert this claim of 
confidentiality? If a claim is to extend until a 
certain event or point in time, please indicate that 
event or time period. Explain why the information 
should remain confidential until such event or time. 

2. Have there been any confidentiality determinations made 
by EPA, other Federal agencies, or courts in connection 
with this information? If so, please enclose copies. 
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NIOSH IAO DATABASE SUMMARY 


I. NIOSH INDOOR AIR QUALITY INVESTIGATIONS BY YEAR 
(THROUGH DECEMBER 1988) _ 


Year 


Number 

Completed 

% 

Pre-1978 

6 

1 

1978 


9 

2 

1979 


12 

3 

1980 


28 

6 

1981 


82 

18 

1982 


52 

12 

1983 


61 

14 

1984 


56 

13 

1985 


81 

18 

1986 


59 

13 

1987 


38 

8 

1988 


45 

_9 


Total: 

529 

100 

While the 

majority 

of the NIOSH 

investigations 


conducted in government and private-sector office buildings NIOSH 
has also looked at schools, colleges, and health care facilities. 


II. NIOSH INDOOR AIR QUALITY INVESTIGATIONS BY BUILDING TYPE 
(THROUGH DECEMBER 19881 _ 


Buildina Tvoe 

I Completed 

% 

Government and 



Business Offices 

426 

80 

Schools and Colleges 

68 

13 

Health Care Facilities 

35 

_ 7 

Total: 

529 

100 


Commonly, the symptoms and health complaints reported by 
the office workers are diverse and not specific enough for NIOSH 
to identify the causative agent. However, NIOSH suggests that the 
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workplace environment is implicated if these symptoms normally 
disappear on weekends away from the office. 


III. COMMON "HEALTH" COMPLAINTS: NIOSH DATABASE 


Eye Irritation 
Dry Throat 
Headache 
Fatigue 

Sinus Congestion 
Skin Irritation 


Shortness of Breath' 

Cough 

Dizziness 

Nausea 

Sneezing 

Nose Irritation 


Although many of these problems may be multifactorial. 


NIOSH classified evaluations by primary type of problem found: 
contamination from the building material (4%) ; microbiological 
contamination (5%); contamination from outside the building (10%); 
contamination from inside the building (15%); inadequate ventilation 
(53%); and unknown (13%). There are some considerations regarding 
these data, however, in that they may not fully represent a "true'' 
cross-section of the indoor air quality problem. For example, 
NIOSH did not use a standard protocol for all these evaluations, 
as NIOSH methods and criteria have evolved over time. Also, since 
many of these investigations were reviewed retrospectively, there 
could be some misclassification due to the vagueness of earlier 
reports. In addition, NIOSH reports that it has little follow-up 
data on many of these earlier reports. 


2024722160 
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IV. NIOSH INDOOR AIR QUALITY INVESTIGATIONS BY PROBLEM TYPE 
(THROUGH DECEMBER 1988) _ 


Problem Type 

# Completed 

% 

Building Materials 
Contamination 

21 

4 

Microbiological 

Contamination 

27 

5 

Outside Contamination 

53 

10 

Inside Contamination 

80 

15 

Ventilation Inadequate 

280 

53 

Unknown 

68 

_13 

Total: 

529 

100 
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NIOSH IAO DATABASE SUMMARY 


I. NIOSH INDOOR AIR QUALITY INVESTIGATIONS BY YEAR 
(THROUGH DECEMBER 1988) _ 


Year 


Number 

Completed 


Pre-1978 

6 

1 

1978 


9 

2 

1979 


12 

3 

1980 


28 

6 

1981 


82 

18 

1982 


52 

12 

1983 


61 

14 

1984 


56 

13 

1985 


81 

18 

1986 


59 

13 

1987 


38 

8 

1988 


45 

_9 


Total: 

529 

100 

While the 

majority 

of the NIOSH 

investigat 


conducted in government and private-sector office buildings NIOSH 
has also looked at schools, colleges, and health care facilities. 


II. NIOSH INDOOR AIR QUALITY INVESTIGATIONS BY BUILDING TYPE 
(THROUGH DECEMBER 19881 _ 


Building Type _ I Completed _i 

Government and 

Business Offices 426 80 

Schools and Colleges 68 13 

Health Care Facilities 35 7 

Total: 529 100 


Commonly, the symptoms and health complaints reported by 
the office workers are diverse and not specific enough for NIOSH 
to identify the causative agent. However, NIOSH suggests that the 
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workplace environment is implicated if these symptoms normally 
disappear on weekends away from the office. 

III. COMMON "HEALTH" COMPLAINTS: NIOSH DATABASE 

Eye Irritation Shortness of Breath 

Dry Throat Cough 

Headache Dizziness 

Fatigue Nausea 

Sinus Congestion Sneezing 

Skin Irritation Nose Irritation 

Although many of these problems may be multifactorial, 
NIOSH classified evaluations by primary type of problem found: 
contamination from the building material (4%) ; microbiological 
contamination (5%)? contamination from outside the building (10%); 
contamination from inside the building (15%) ; inadequate ventilation 
(53%); and unknown (13%). There are some considerations regarding 
these data, however, in that they may not fully represent a "true" 
cross-section of the indoor air quality problem. For example, 
NIOSH did not use a standard protocol for all these evaluations, 
as NIOSH methods and criteria have evolved over time. Also, since 
many of these investigations were reviewed retrospectively, there 
could be some misclassification due to the vagueness of earlier 
reports. In addition, NIOSH reports that it has little follow-up 
data on many of these earlier reports. 
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XV. NIOSH INDOOR AIR QUALITY INVESTIGATIONS BY PROBLEM TYPE 
(THROUGH DECEMBER 19881 __ 

Problem Type _ I Completed _ % 


Building Materials 


Contamination 

21 

4 

Microbiological 

Contamination 

27 

5 

Outside Contamination 

53 

10 

Inside Contamination 

80 

15 

Ventilation Inadequate 

280 

53 

Unknown 

68 


Total: 

529 

100 
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Indoor air quality — the NIOSH experience 


JAMES MELIUS. M.D., KEPttltTH WALLINGFORD, M.S.. RICHARD KEEMLY51DE. M.D.. and JAMES CARPENTER 
national Institute for Occupational Safety and Health 


Introduction 

Health complaints associated with poor indoor 
air quality have been reported with increasing 
frequency among office workers over the past 10 
years. A number of factors have contributed to this 
trend including changes in building design to 
increase energy efficiency, Introduction off new 
building materials, and increased awareness 
among workers of potentially toxic exposures in 
their work and home environments. While some 
exposures in the indoor environment may have 
serious implications for the health of the occu¬ 
pants (e.g.. radon daughters, asbestos, formal¬ 
dehyde, pathogenic microorganisms, allergens), 
the health risks of most indoor air exposures are 
poorly understood, nevertheless, office workers 
who are concerned about a possible problem in 
their work environment often demand a thorough 
investigation of the environment and of its poten¬ 
tial for health risks.Tor the investigator, this is 
commonly a challenging but frustrating experi¬ 
ence because of the lack of guidelines and evalu¬ 
ation criteria for the "non-industrial" setting. 

The health complaints reported by the occu¬ 
pants of the typical "problem building" are usually 
diverse and non-specific, and rarely point to an 
obvious cause. Also, the nature off the problem 
may be obscured by reports of a variety of serious, 
but unrelated, medical conditions associated with 
the office environment 

Appropriate environmental sampling is often 
quite difficult because of the presence of low levels 
of many ubiquitous substances. Specific contam¬ 
inants from sources in the office can be readily 
measured and quantitated (e.g.. ozone from copy- 
Ing machines), but more often veiy low levels of a 
variety of chemicals are detected. Such sampling 
results may in one sense be reassuring, but they 
have limited usefulness when linked with non¬ 
specific sym ptoms. These Investigations are often 
complicated by extensive media coverage, multi¬ 
ple earlier investigations by other groups, and 
deteriorating labor relations. The "federal expert" 
often comes into the picture when, despite much 


basic work having been done, the situation has 
reached a “crisis." 

This paper will briefly present and review the 
Indoor air quality investigations conducted by the 
National Institute for Occupational Safety and 
Health (rtlOSH) since the start off the Health 
Hazard Evaluation Program. These investigations 
are being presented not as THE WAY" to evaluate 
such problems, but, rather, to review our experi¬ 
ence and share our insights as we have evolved 
our approach to these investigations. 

Indoor air quality health hazard 
evaluations 

Through December 1983, fllOSH has completed 
203 Health Hazard Evaluations Involving indoor 
air quality (1AQ) in a variety of settings (Table 1). 
(This does not include our investigations of as¬ 
bestos-related problems In office buildings.) Prior 
to 1978, only six IAQ evaluations were performed; 
however, since then, the number has increased 
dramatically. It appears that in the last 2 years, the 
number of these completed investigations has 
leveled off, but this change may reflect our handling 
of many IAQ inquiries by providing written ma¬ 
terials and phone consultation, and by the In¬ 
creased capability of state and local health de- 


TABLE1 


Completed NIOSH Indoor Air 
Quality Investigations by Year 
(through December 1903)* 


Year 

Number 

Completed 

% 

Pre-1976 

0 

3.0 

197* 

9 

44 

1979 

12 

3.9 

1900 

20 

13.0 

1901 

00 

39 4 

1902 

44 

21 7 

1003 

24 

110 

Total 

203 



* Doe* not include SI currently active protect* 


Ann Am. Conf Gtw. tnd fly 9 Vol /0ll9«4> 


r»fe 3 

2024722175 


SourceLhtt|Ds://www. industrydocuments.ucsf.edu/docs/zzvjOOOO 





Office Environmental Problems 


partments and other groups to handle these 
evaluations without our assistance. 

Most of our evaluations have involved govern¬ 
ment and private offices (over 75% (seeTable 11)). 
educational institutions (14.8%). and health care 
facilities (9.3%}. Given our mandate to evaluate 
occupational health problems. It is not surprising 
that MIOSH has not investigated very many resi¬ 
dential LAQ problems Thus, we do not have much 
experience In evaluating problems trfiich are prin¬ 
cipally encountered In residential buildings such 
as exposures to radon daughters or to combustion 
products. 

In reviewing the reports on these evaluations, 
we have attempted to classify our findings by the 
type of problem found (Table 111). It Is of note that 
nearly half of these Investigations have attributed 
the IAQ problems to Inadequate ventilation. Some 
form of environmental contamination was thought 
to be the source of the problem in approximately 
30%. The source of this contamination was thought 
to be from Inside the building in 17.7% of the 
Investigations, outside the building in 103%, and 
from the building structure In 3.4%. Problems 
auch as hypersensitivity pneumonitis, cigarette 
>moking, humidity, etc. have accounted for ap¬ 
proximately 10% of our evaluations, finally, in 
another 10%. the etiology of the IAQ problem has 
remained unexplained. 

In reviewing these results, several factors should 
be considered, first over time, MIOSH has not used 
a standard protocol for conducting these evalu¬ 
ations. Our methods and criteria have changed as 
we became more familiar with the problem and 
developed new approaches. Also, some of these 
Investigations were conducted several years ago. 
leaving only scanty data and a brief report for 
current review. In the early studies, many of the 
"unknown" problems may have actually been due 


TABLE II 


Completed NIOSH Indoor Quality 
Investigation! by Building Type 
(through December 1063) 


Typ* 

Number 

% 

Government and business officer 

154 

75,9 

School* and college! 

SO 

14.0 

Health care facilities 

19 

93 

Total: 

203 



TABLE III 


Completed NIOSH Indoor Air Quality 
Investigation* by Type of Problem 
(through December 1963) 


froblem 

Number 

Total 

Contamination (inside) 

36 

17.7 

Contamination (outside) 

21 

10 3 

Contamination (building fabric) 

7 

34 

Inadequate ventilation 

96 

46.3 

Hypersensitivity pneumonitis 

6 

30 

Cigarette smoking 

4 

20 

Humidity 

9 

4 4 

Noise J ilium matron 

2 

1.0 

Scabies 

1 

0.5 

Unknown 

19 

94 

Total: 

203 



to Inadequate ventilation, but the reports did not 
provide enough information to determine this. 
Thus, there may be considerable misdasslfication 
in this list 

This listing is also not necessarily representative 
of the general distribution of indoor air quality 
problems in offices. Often, MIOSH is requested to 
conduct an evaluation only after initial attempts id 
identify the problem have failed, or complaints 
have persisted after initial corrections have been 
made. Large public-sector agencies use MIOSH as 
a resource, but managers of smaller offices or 
office buildings may be unaware of our program. 
Therefore, these facilities may be underrepre¬ 
sented on our list Despite these shortcomings, 
the list does provide an overview of the types of 
indoor air quality problems encountered in office 
environments. A brief review of the major types of 
IAQ problems follows. 

Contamination from inside the office 
environment 

This classification (approximately 18%) Tefers to 
exposure to a chemical or other toxic agent 
generated within the office apace Usually the 
symptoms experienced by the office worker are 
directly linked to the exposure, but if the exposure 
Is disseminated through the building's ventilation 
system, localization of the source maybe difficult 
Examples from Health Hazard Evaluations Include 
exposures to methyl alcohol from spirit dupli¬ 
cators. 0 * exposures to methacrylate from coolers.* 2 ' 
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and exposures to sulfur dioxide from a heating 
system.’ 3 ' Occasionally, a very specific health effect 
can aid in the Investigation, such as the occur¬ 
rence of dermatitis from amines used in humidifi¬ 
cation systems.’ 4 5 'The use of pest control agents, 
such as chlordane, may also cause persistent 
problems in office environments.’ 5 7 ' 

These problems can usually be identified by 
Inspecting the affected office area (e.g., copying 
machines) and by questioning about other uses of 
chemicals in the building (e.g., pesticides, humid¬ 
ification agents): Environmental and medical test¬ 
ing appropriate for that chemical can then be 
conducted. 

Contamination from outside the bui/ding 

This classification (approximately 10%) refers 
to exposure to a chemical or other toxic substance 
originating from a source outside the building. 
Common examples include motor vehicle exhaust 
either from a parking garage or loading dock 
entering the building through the Intake from the 
ventilation system.’* 9j Many of these exposuresare 
'‘presumed'' explanations that cannot be docu¬ 
mented at the time of the investigation. Although 
the dispersal of substances through the ventilation 
system may seem obvious, the complexity of the 
system may require the use of more sophisticated 
techniques such as a tracer gas to document the 
problem.’*' Other outside sources include nearby 
construction activity which may generate sufficient 
exhaust fumes, dust, or other contaminants to 
cause complaints in nearby offices. 00 ' 

A few years ago, NlOStt evaluated a dramatic 
case of outside contamination of an office build¬ 
ing when we discovered a 6-mllJion-gallon under¬ 
ground gasoline spill While investigating Irritative 
symptoms among the office occupants.’ 111 While 
this may be viewed as unusual, there Is concern 
about the increasing number of underground 
gasoline tank leaks. 

Contamination from the building fabric 

Contamination from the building fabric (ap¬ 
proximately 3% of our evaluations) refers to prob¬ 
lems from the material used to construct the 
building. While not Included In our list of evalu¬ 
ations. asbestos is obviously a major source of 
concern about indoor air quality Other Insulating 
materials are a common source of these problems 
because of the release of substances such as 


formaldehyde. 02 ' Dermatitis due to fibrous glass 
has also been a common problem, usually after 
the fibrous glass insulation has been disturbed 
during some construction activity.’ 13 ' 

Hypersensitivity pneumonitis 

This group (approximately 3% of our evalua¬ 
tions) refers to problems due to a hypersensitivity 
reaction to microorganisms In the building en¬ 
vironment Although not a common cause of office 
problems, the potential medical severity of this 
condition and the difficulties in controlling this 
problem make It an important cause of office 
problems. NlOSfTs evaluations regarding this 
problem will be discussed later in this volume. 

Inadequate ventilation 

By far the largest classification, this group makes 
up approximately one-half of our completed eval¬ 
uations. Our determination of inadequate ventila¬ 
tion is commonly made after considering a num¬ 
ber of factors, including the absence of other 
sources of contamination and the presence of 
only very low levels of contaminants In our en¬ 
vironmental sampling results. These, linked to the 
widespread occurrence of non-specific symptoms 
such as headaches, eye Irritation, and upper 
respiratory irritation, suggest that an evaluation of 
the ventilation system may be warranted. 

The evaluation of ventilation systems will be 
discussed later. Our methods range from obtain¬ 
ing specifications on the building ventilation sys¬ 
tem to detailed air flow measurements. Both 
approaches can present difficulties. Information 
on the specifications of the ventilation system Is 
often not readily available from the building op¬ 
erators. Buildings with renovated ventilation sys¬ 
tem are often very difficult to evaluate because of 
the piecemeal approach used in such renovation. 
The ASMRAE guidelines for ventilation are usually 
used for comparison. 04 ' While one can question 
the basis for these guidelines, we have found them 
useful in evaluating IAQ problems and for rec¬ 
ommending corrections where there Is a problem 
because of inadequate ventilation. 

The pathogenesis of complaints or symptoms 
caused by Inadequate ventilation Is not dear, but 
certain extreme situations have provided us with 
some insight into the relationship between such 
complaints and inadequate ventilation. In 1982. 


Ann Am Co*/. Got M* ft# foL JOUBWl P»*« * 

2024722177 

Source: https://www.industrydocumerits.ucsf.edu/docs/zzvjOOOO 



Office Environmental Problems 


we conducted an evaluation at a government office 
building in Idaho with widespread complaints 
among the employees. Despite environmental 
surveys showing no significant comtamlnant levels, 
the employees were moved to another building. 
Out investigators found that the air Intake for the 
building had been covered with plastic one year 
earlier, to protect the air handling system from 
airborne debris from Mount St Helens, and that 
this cover had never been removed. Removal 
restored intake of adequate outdoor air to the 
building and allowed reoccupancy without signify 
leant problems. 051 However, in this situation, no 
environmental measurement indicated that there 
was a problem. In general we have not found any 
environmental measurement to be useful as an 
indicator of poor ventilation. However, It should be 
noted that other investigators have found carbon 
dioxide levels useful for such evaluations. 06171 Low 
levels of multiple contaminants are often present 
In these situations and are currently the best 
explanation for the occurrence of symptoms. The 
pattern of contaminants probably varies from 
building to building, but we do not yet have 
adequate measurement techniques or adequate 
knowledge to easily recognize this problem 
through environmental sampling. 


Current evaluation methods 

Our current approach to evaluating office en¬ 
vironment requests usually begins with a walk¬ 
through evaluation by an industrial hygienist Prior 
to this, we try to obtain background information 
on the history of the building design or construc¬ 
tion and try to ensure that the building engineer 
will be present during the investigation. During the 
initial visit we obtain a history of complaints 
among office occupants by interviewing as many 
as is feasible. This is helpful not only for identifying 
the type of medical complaints, but also for ob¬ 
taining a chronology of the problem and ascer¬ 
taining the time pattern of symptoms (afternoon 
more than morning, etc.). 

Potential sources of contamination are Identi¬ 
fied during the initial walk-through evaluation. 
Some will be obvious (e.g., copying machines), 
while others may be identified only after careful 
questioning (e.g.. pesticide spraying). We also 
usually inspect the ventilation system for the par¬ 
ticular office area and attempt to understand Its 


connection to the system for the entire building. 
Information on the control of the ventilation 
system (outdoor air intake relative to temperature, 
etc.) Is also obtained. Some environmental samp¬ 
ling may be conducted If a source of contamination 
is found or suspected. Some general air monitor¬ 
ing (e.g., organics) may also be conducted, but this 
is usually more helpful to reassure the occupants 
that the toxic substances of concern to them are 
not present In any degree than It is for Identifica¬ 
tion of a problem. 

The problem may be resolved during this Initial 
visit but. In some Instances, more extensive en¬ 
vironmental sampling, a medical study, a ventila¬ 
tion assessment or some combination of these 
may be required. These may be necessary either 
to better identify the source and extent of the 
problem or to alleviate the concerns of the affected 
employees. Once our investigations are complete, 
our findings and recommendations are communi¬ 
cated to the involved parties. 

Future activities in indoor air quality 

More research into office ventilation and its 
effect on background levels of contaminants is 
necessary to provide better guidelines for evalu¬ 
ating and controlling indoor air quality problems. 
Because of the nature of these exposures, a variety 
of governmental agencies and private groups are 
Involved in this research effort Recently, the En¬ 
vironmental Protection Agency, the Consumer 
Product Safety Commission, the Department of 
Energy, the Department of health and Human 
Services, the Tennessee Valley Authorify, and sev¬ 
eral other Federal agencies formed a coordinating 
committee on indoor air quality research. This 
committee will help to coordinate Federal gov¬ 
ernment indoor air qualify research. Already, an 
Inventory of lAQ-related research In the Federal 
government has been prepared. These agencies 
are also coordinating the planning of a possible 
large national survey of indoor air pollution and 
related health problems. 

While much of this effort and related research 
may seem remote to Investigating specific prob¬ 
lems in office buildings, they may provide the 
basis for better guidelines for evaluating Indoor 
air qualify and for necessary corrective steps. At 
the same time, improved methods of assessment 
arc needed to evaluate specific types of problems. 
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MIOSH is currently developing better methods for 
assessing indoor air quality (e.g., microorganism 
levels, ventilation parameters. etc): Other groups 
are working on methods for other types of as¬ 
sessments. Meanwhile, we will continue to evaluate 
Indoor aiT quality problems and, hopefully, con¬ 
tinue to Improve our efforts In these assessments. 
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INTRODUCTION 


The National Institute for Occupational Safety and Health (NIOSH) has compiled 
this document in response to an increasing number of requests for information 
about indoor air quality (IAQ), including "sick building syndrome." Included 
in this publication are: 

1. NIOSH Congressional testimony that describes the NIOSH IAQ 
investigations program and summarizes the results of NIOSH research and 
findings on IAQ problems; 

2. NIOSH guidance for conducting indoor air quality investigations; 

3. NIOSH journal article on evaluating building ventilation systems; and 

4. List of non-NIOSH publications on indoor air quality. 

As the Federal agency responsible for conducting research and making 
recommendations for occupational safety and health standards, NIOSH limits its 
IAQ activities to the occupational environment. The U.S. Environmental 
Protection Agency (EPA) also conducts an IAQ program and can be contacted for 
information regarding both occupational and non-occupational settings. 

Several relevant EPA publications are included in Item 4 above and can be 
obtained from the EPA Public Information Center, 401 M Street S.V., Mail Code 
PM 211B, Washington, DC 20460, telephone 202-382-2080. 
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I am Dr. J. Donald Millar, Director of the National Institute for Occupational 
Safety and Health (NIOSH) of the Centers for Disease Control, in the Public 
Health Service of the Department of Health and Human Services. I appreciate 
this opportunity to report to you on the activities of NIOSH in the area of 
indoor air quality. 

Our experience with evaluating and understanding indoor air quality problems 
is based on the research and technical assistance that we have conducted under 
the mandates of the Occupational Safety and Health Act (OSH Act). Our 
knowledge, therefore, relates to the health effects on workers in 
nonresidential and nonindustrial workplaces, including Federal buildings, 
schools, and other public buildings, commercial buildings and portions of 
commercial vehicles occupied by workers. In addition to dealing with air 
quality, this knowledge base Includes data on ergonomic and psychosocial 
problems that also affect workers. 

More specifically, most of our knowledge on indoor air quality problems has 
been generated on the "technical assistance side" of our responsibilities 
under the OSH Act. This assistance is conducted under Section 20(a)(6) of the 
OSH Act through our Health Hazard Evaluation (HHE) Program, where we respond 
to requests from employers, employees, employee representatives, State and 
local agencies and other Federal agencies. Presented below is a brief 
narrative of how the HHE Program is utilized for indoor air quality 
Investigations, and what we have learned from these investigations in regard 
to the extent of the problem. Additional details are shown in Enclosure I. 

In the 1970's, following the Arab oil embargo, energy conservation programs 
were encouraged throughout the United States. The operations of buildings 
changed in an effort to conserve fossil fuels and operating costs. 

Ventilation rates were reduced and buildings were sealed to prevent 
infiltration of untempered outside air (hot, humid air in the summer months 
and cold, dry air in the winter months). At the same time, there was a 
revolution occurring in buildings throughout the country. Computers forced a 
change in office procedures and productivity leading to ergonomic and 
organizational stress problems. Some of these new office technologies brought 
with them chemical and physical hazards. 

We saw the effect of the conservation measures, as well as problems associated 
with the shifts in office automation (e.g. video display terminals, vision 
problems), and concern about asbestos and radiation, through increases in 
requests for assistance in the HHE Program. Of the 1,200 Health Hazard 
Evaluations between 1971 and 1978, NIOSH investigated six indoor air quality 
problems or 0.5% of the total. From 1978 to 1980, the percentage of HHE’s 
have averaged 12% of all health hazard evaluations. More recently, on an 
annual basis, this has Increased to approximately 20%. For example, in FY 
1988 through the present, NIOSH 's toll free information number has received an 
average of approximately 60 inquiries and requests for assistance per month on 
indoor air quality problems. In 1988, in addition to providing background 
information and a copy of NIOSH's Indoor air quality guidance document 
(Enclosure I) to most of these callers, NIOSH researchers conducted kb field 
investigations. 
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Table 1 presents the lumber of HHE Investigations by building type since the 
Program was initiated in 1971. (These totals do not include complaints 
arising from asbestos contamination--the number of vhich also is significant-- 
or complaints regarding radon.) 


TABLE 1 

HIOSH Indoor Air Quality 
Investigations by Building Type 
(through December 1988) 



fhmber 

Percent 




Government and 



Business Offices 

426 

80 

Schools and Colleges 

68 

13 

Health Care Facilities 

_2i 

_z 

Total: 

529 

100 

Ve have not seen a decrease In indoor air problems end ve 

are concerned that 


as the U.S. moves more and more to a service and information economy, with 
Increases in office vorkers, the problems vill increase. 

Indoor air quality problems may arise from a variety of sources including 
human metabolic activity, smoking, structural components of the building and 
contents, biological contamination, office and mechanical equipment, and 
outside air pollutants that enter the building. Commonly, the symptoms and- 
health complaints reported by vorkers are diverse and not specific enough to 
readily identify the causative agent (Table 2). The workplace environment is 
implicated by the fact that these symptoms can be severe enough to result in 
missed work, reassignment, and even termination. This causes increased 
anxiety among the vorkers and, often times, makes the investigation of these 
problems even more difficult. 


TABLE 2 

Common Health Complaints 

Eye Irritation 
Dry Throat 
Headache 
Fatigue 

Sinus Congestion 
Skin Irritation 
Shortness of Breath 
Cough 
Dizziness 
Nausea 
Sneezing 
Nose Irritation 
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Although some of these episodes may be made up of several factors combined, we 
have classified the results found in our HHE Program by primary type of 
problem found: contamination from the building materials (4%); microbial 
contamination (5%); other contamination from inside the building (15%); 
contamination from outside the building (10%); inadequate ventilation (53%); 
and unknown (13%). 

As mentioned above, in over half of our indoor air quality investigations, 
inadequate ventilation was found to be the cause of complaints. Heating, 
ventilating, and air conditioning (HVAC) conditions that can cause indoor air 
quality problems include migration of odors or chemical hazards between 
building areas, re-entrainment of building exhaust through heat recover 
devices or improper placement of exhaust and intake stacks, buildup of 
microorganisms in HVAG system components and poor odor and environmental 
control due to insufficient "fresh” outdoor air. The insufficient use of 
"fresh” outdoor air has been compounded by reduction in ventilation airflows 
because of energy conservation. The inadequacy of building ventilation can be 
evaluated by monitoring ambient carbon dioxide (C02) concentrations, 
temperature, humidity, and airflow. However other chemical agents from 
sources other than human occupants also increase with adequate building 
ventilation. 

In 20-25% of our indoor air quality surveys, sources inside the building have 
been identified as the major generators of indoor air pollution. To date, 
common sources that have been identified include: duplicators-methyl alcohol; 
signature machines - butyl methacrylate; blueprint copiers--ammonia; acetic 
acid; pesticides; boiler additives--diethyl ethanolamine; cleaning agents; 
tobacco smoke and combustion gases; foam insulation, particle board, plywood, 
construction glues and adhesives--formaldehyde, and organic solvents; lined 
ventilation ducts--fibrous glass; silicone caulking and curing agents, in 
these situations, we have found that low concentrations of agents need to be 
monitored since odor thresholds, comfort and unusual stimuli may be the 
significant factors rather than higher concentrations where health effects 
have been established. Also, in many instances no evaluation criteria exist 
and the investigators must compare areas where complaints are frequent with 
areas which have no complaints to search for chemical, biological, physical, 
and organizational factors which may be the cause. Given the problems with 
identifying emission sources and the need to measure at low levels, sensitive 
and specific direct-reading instruments need to be followed with highly 
specific, low level chemical analysis in the laboratory. 

To complicate the investigations concerning poor air quality, ergonomics and 
psychosocial Issues often are encountered. For example, our research teams, 
composed of behavioral scientists, physicians and industrial hygienists, have 
Investigated a series of mass illness outbreaks in various work settings for 
which there was no apparent physical or chemical cause. The reported symptoms 
are typically vague and nonspecific, and frequently are described by workers 
as ill defined contaminants in the workplace (e.g., bad odors, stuffy or heavy 
air). Questionnaire surveys and interviews of both affected and unaffected 
workers suggest that the expression of the symptoms may have been exacerbated 
by a variety of ergonomic, organizational and psychosocial stresses which 
increase worker job and life-dissatisfaction. 


So urc e:https ://www. i nd ustrydocu merits, ucsf.ed u/docs/zzvjOOOO 


9bTZZ£t'Z0Z 


Aside from NIOSH experiences discussed above, there have been considerable 

activities by other governmental and nongovernmental groups worldwide of which 

I am sure you are aware. Some major examples of these are as follows; 

1. The National Research Council's Assembly of Life Science published "Indoor 
Air Pollutants" In 1981. The report lists a number of chemicals 
implicated in indoor air pollutant problems without assessing their 
importance. The Assembly also recommended that monitoring protocols and 
special instruments be developed to asses indoor air pollutants; that 
complaints of malaise, headache, stuffiness, and eye and throat irritation 
be studied; that the lowering of work productivity due to indoor pollution 
and associated discomfort be investigated; and that the influences of 
building design on the concentration of pollutants in commercial 
facilities be conducted. 

2. The Environmental Protection Agency (EPA) published "EPA Indoor Air 
Quality Implementation Plan" in 1987 which not only described EPA's 
research agenda at that time, but dealt with those indoor air quality 
issues that concerned other Federal agencies. The document included a 
bibliography of indoor air quality literature containing over 2,000 
entries. 

3. In 1988, the Health and Safety Executive of Great Britain issued a report 
•Sick Building Syndrome: A Review." This report summarizes their 
experiences with "sick building syndrome," and discusses symptoms, common 
features of "sick buildings" and possible causes. Their experiences 
mirror that information found by our HHE Program. 

4. A 1988 EPA publication, "Indoor Air Quality in Public Buildings" reported 
that concentrations of volatile organic compounds in new buildings were 
found to be as much as 100 times higher than those found outdoors. 

5. Volume II of the Environmental Protection Agency's Report to Congress 
prepared in 1988/89 under Title IV of the Superfund Amendments and 
Reauthorization Act of 1986 highlights an up-to-date summary of the 
"Assessment and Control of Indoor Air Pollution." This volume discusses 
such issues as (a) factors affecting indoor air quality; (b) sources of 
pollutants and health effects; and (c) economic impacts. 


These examples support the point that Indoor air quality problems associated 
with worker health are significant and require continued vigilance. 


In regard to your questions pertaining specifically to the Indoor Air Quality 
Act (S.637), the Administration has not yet taken a position on the specific 
contents of the proposed legislation. 

Thank you for the opportunity to submit this testimony to the record. 


W 


X 
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ENCLOSURE I 


THE NIOSH APPROACH TO CONDUCTING INDOOR AIR QUALITY 
INVESTIGATIONS IN OFFICE BUILDINGS 

National Institute for Occupation Safety and Health 


ABSTRACT 

Since 1971, personnel from the National Institute for Occupation Safety 
and Health (NIOSH) have complete over 500 indoor air quality (IAQ) 
investigations in a variety of office building environments. Most of these 
investigations have been conducted since 1979, paralleling the energy 
conservation concerns of building owners and operators. These investigations 
have been conducted under the authority of the NIOSH Health Hazard Evaluation 
Program and have been in direct response to reported health complaints or 
illness. Therefore, these IAQ Investigations are intended to establish the 
identity of a problem and to recommend solutions for its correction. Over 
time, we have developed a consistent methodology with a "solution-oriented" 
approach to conducting these IAQ investigations. To initiate the 
investigation, the NIOSH team gathers background information by telephone and 
then makes a site visit to interview the affected employees and establish 
symptom identity and prevalence. During this initial site visit, the 
investigators also attempt to identify sources of contaminants, evaluate 
comfort parameters, and assess ventilation system performance. A variety of 
applicable evaluation criteria may be used, including "rules-of thumb" gleaned 
from the current scientific literature and our own experiences. If specific 
problems cannot be identified through these initial means, follow-up visits 
are then used to pursue a continually narrowing range of possibilities. This 
"solution-oriented" approach has resulted in the best allocation of our 
resources and has allowed the most efficient use of in-field as well as 
analytical personnel. In the IAQ investigations completed to date, problems 
were found to result from building material contaminants in 4%, 
microbiological contaminants in 5%, contaminants brought in from outside the 
building in 10%, contaminants from inside the building in 15% and inadequate 
ventilation problems in 53%. The remaining 13% represent those investigations 
where no problem could be identified. 

INTRODUCTION 

The sometimes questionable quality of indoor air and the potential for 
health risks have become major concerns of building occupants, especially 
office workers. Some potential indoor exposures, such as to the carcinogen, 
asbestos, have well*documented health implications. But, more commonly, the 
health risks of other indoor air exposures are poorly understood. 

Nevertheless, office workers experiencing indoor air quality (IAQ) problems 
often demand a complete evaluation of their work environment and of the effe 
it may have upon their health. 
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At the National Institute for Occupation Safety and Health (NIOSH), the 
majority of our indoor air quality investigations are conducted as part of the 
Health Hazard Evaluation Program. We conduct these health hazard evaluations 
at the request of employee groups, unions, management, and local, State and 
Federal agencies. Generally, these requests are in response to existing 
worker health complaints and illness. Because we are essentially "invited" to 
conduct these Investigations, the data presented here will not reflect a 
statistically valid cross-section of the Indoor air quality problem. However, 
these findings are drawn from one of the largest single information bases 
currently available on the subject. In essence, this paper will summarize the 
NIOSH methodology currently used during IAQ investigations and some of the 
data from these IAQ investigations completed since the start of the Health 
Hazard Evaluation Program. 

METHODOLOGY 

We have found that investigating IAQ problems can present a formidable 
challenge which, in some ways, is more difficult than evaluating industrial 
environments. In an industrial situation, the evaluation will be directed by 
investigations of the materials used by, or in the vicinity of, the affected 
workers. These materials can usually be chemically analyzed which permits 
techniques and potential health effects using standard medical and 
epidemiologic techniques. Frequently there are exposure criteria which can be 
applied to help Interpret the data obtained. This is rarely the case with an 
indoor air quality problem. 

Indoor air quality investigations tend to become more complicated as 
time passes without Identification of a cause. Frustrations result in highly 
charged emotions which only further impede continued evaluation efforts. 

These situations are further complicated by the fact that symptoms are not 
easily attributed to a single cause and the application of standard industrial 
hygiene, medical and epidemiologic techniques may prove to be inconclusive. 

Over time, our approach in evaluating this situation has changed. We 
have developed a more consistent, solution-oriented approach that 
systematically excludes a continually narrowing range of possibilities. 
Generally, this .exclusion hierarchy, which has come about based on our past 
experiences, involves evaluation of physical, chemical and microbiological 
factors, in the order presented. Each of these potential causation categories 
are discussed in more detail later in this presentation. 

Since we anticipate that IAQ requests will continue to represent a 
substantial percentage of the total health hazard evaluation requests 
(currently about 20%), three response levels have been developed. Based on 
the information obtained during initial telephone with the requestor, the 
following responses are possible: 


S ource: https ://www.industrvdocuments.ucsf.edu/docs/zzviOOOO 


202472218 ?) 



1. Provide "•elf-help evaluation" materials (attached)Remain 

available for consultation by telephone. Become more involved, if 

necessary. 

2. NIOSH conducts an initial evaluation an provides recommendations to 

solve the problem or for further study on a "self-help" basis. 

3. N10SH conducts a full scale investigation. 

The NIOSH investigation team commonly includes an industrial hygienist 
and physician/epidemiologist, but can also include other professionals such as 
an engineer. Host investigations contain the following parts: background 
assessment, initial site assessment, and, if necessary, additional site 
assessment. 

BACKGROUND ASSESSMENT 

For the background assessment, we initially obtain, by telephone, as 
much information on the building as practicable, an idea of symptoms being 
experienced, and a chronology of the problem. Much of this information can be 
collected using a standard questionnaire. Ve also request copies of other 
previous investigations which are relevant to the problem at hand. These data 
are then used to tailor the protocol for the Initial site assessment so as to 
make it more efficient. 

INITIAL SITE ASSESSMENT 

For the initial site assessment, a common protocol includes five 
separate steps or parts: an opening conference, a walk-through evaluation, 
personal interviews, phase 1 of environmental monitoring, and a closing 
conference. 

Opening Conference--The opening conference is attended by 
representatives of the employer and employees (where applicable) as well as 
someone who has knowledge of the operation, and maintenance of the building's 
heating, ventilating and air conditioning (HVAC) systems. This meeting serves 
to present NIOSH's role, discuss anticipated activities and arrange to receive 
copies of pertinent data not already received. 

Walk-through Survey--The walk-through survey will involve all or part of 
the building including inspection of the HVAC systems with special attention 
given to the mechanism by which outside air enters each HVAC unit. 
Architectural plans and ventilation test and balance reports may also be 
reviewed during this phase. Potential sources of emission are identified so 
that each may be further evaluated, as needed. 

Personal Interview--Personal interviews are often conducted to determine 
the extent, prevalence and character of reported symptoms. The use of a 
questionnaire, such as the one shown in Appendix 1, may be the most efficient 
means of collecting this type of information. It can be used as a guide 
during personal interviews or it can be self-administered 
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Phase I Environmental Monitoring--Phase I environmental monitoring is 
usually conducted on each initial survey. The scope of this effort may vary, 
but usually will either evaluate certain aspects of the building environment, 
which we have come to believe are important factors in all investigations, or 
explore any other possibilities made apparent from the background assessment. 
Evaluation of the ventilation system using both actual measurement and/or 
carbon dioxide (C02) techniques, and monitoring temperature and relative 
humidity are useful procedures for all evaluations during the initial site 
assessment. Monitoring for formaldehyde is an example of a specific method 
which may be used if the background assessment indicates that respiratory 
system and eye irritation are prevalent complaints and the space has been 
recently built or renovated (a number of furnishings are potential sources of 
formaldehyde). Most of the monitoring accomplished on the initial survey is 
obtained using direct-reading instruments where possible because they provide 
results on-the-spot. Any deficiencies noted can be corrected and re¬ 
evaluated. Trace concentrations of hundreds of compounds could be identified 
depending on the extent of the sampling and analytical effort; however, the 
concentrations usually detected would not be expected to cause adverse health 
effects in a normal healthy individual. Other techniques which 1 will now 
discuss have been consistently more useful. 

Evaluating HVAC Systems--HVAC systems can be complicated and most 
industrial hygienists have received very little or no training in the design, 
maintenance and trouble-shooting of building ventilation system*. The most 
important aspect of evaluating HVAC systems is to gain an understanding of how 
they are supposed to be working and then use some relatively simple methods to 
convince yourself that the system is performing up to the design 
specifications, and whether, this is adequate with respect to the complaint 
areas in the building, return to the complaint area(s) and measure supply and 
return air flows using either a velometer or a flow hood and compare the 
results to the design quantities. Note that in variable-air-volume (VAV) 
systems the supply air flows may vary during the day. 

A method which is gaining popularity, and which is currently used by 
NIOSH for evaluating the adequacy of ventilation to an area is the measurement 
of C02 concentrations. Humans expire significant quantities of C02. The 
higher the C02 levels inside a building, the poorer the overall ventilation, 
in a general sense. Ve believe that complaints will not be prevalent if 
interior C02 concentrations are maintained at twice or less the outdoor levels 
(usually 250-300 ppm). At C02 concentrations above 1000 ppm, or 3 to 4 times 
the outdoor level, complaints of headaches tiredness, eye, nose and throat 
irritation may be more prevalent. It is important to realize that it is not 
the C02 concentration that is causing the symptoms; but, if C02 increase, so 
may all the other normal airborne contaminants and it may be some combination 
of all these substances that make people uncomfortable. Carbon dioxide 
measurement scan be obtained using standard detector tubes or portable C02 
monitoring instruments. The use of C02 as an index of the general quality of 
indoor air is currently being evaluated by NIOSH as well as many other 
agencies. 
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Poor mixing of air is another potential problem sometimes found when air 
is delivered and returned through ceiling diffusers. Standard smoke tubes, 
and temperature and C02 measurements at 1 foot and 7 foot heights above the 
floor may be useful techniques in evaluating stratification resulting from 
poor mixing. 

Monitoring Temperature and Relative Humidity--Temperature too cold, too 
warm or fluctuating can be a source of complaints. While individuals vary in 
their limits of thermal comfortability, if a significant number of workers in 
an area complain (more than 20%), then temperature and relative humidity may 
be creating an uncomfortable environment. If temperatures are too warm, 
complaints or tiredness, lack of concentration and headache may also be 
reported. Low relative humidities, not uncommon in the winter in a building 
or residence that is not humidified, can cause eye, nose and throat 
irritation. 

CLOSING CONFERENCE 

The closing conference of the initial site survey provides an 
opportunity to present the NIOSH activities accomplished, any results obtained 
and recommendations on corrective actions if potential problems were 
identified. If no problems were identified, recommendations may be made on 
how to continue studying the problem either on a self-help basis or through 
continued NIOSH involvement. Typical recommendations when we have not 
identified a probable explanation for the reported symptoms would include the 
formulation of a more formalized method of reporting worker symptoms on a 
daily basis and the generation of HVAC data logs to provide evidence that the 
HVAC system is performing in a consistent manner over time. 

EVALUATION CRITERIA 

Evaluation criteria used to interpret environmental measurements vary. 

In the classic industrial hygiene sense, the Occupational Safety and Health 
Administration's (OSHA) permissible limits [ll], the American Conference of 
Governmental Industrial Hygienists' (ACGIH) Threshold Limit Values [2], and 
NIOSH's recommended exposure limits (3] are most commonly used in occupational 
exposure assessments. Because these criteria are based on health effects as 
they pertain to the manufacturing environment, they may not have the same 
relevance for workers in an office setting, whose primary concern may be for 
comfort or simply an absence of unusual sensory stimuli over their working 
period. The Environmental Protection Agency (EPA) has ambient air quality 
standards [U\ for a variety of pollutants designed to protect the public over 
an entire day (not Just an 8-hour workday). However, these, too, may not have 
relevance to an indoor office environment, especially from the perspective of 
problem-solving. 

The American Society of Heating, Refrigerating and Air Conditioning 
Engineers, Inc. (ASHRAE) guidelines for acceptable indoor air quality [5] have 
been developed for the indoor environment. We commonly use these as criteria 
in our office building evaluations, especially for assessing the performance 
of a ventilation system. We also use the ASHRAE comfort guidelines [6] as 
criteria for assessing the thermal performance of occupied space. 
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ADDITIONAL SITE ASSESSMENTS 


If the background assessment and the initial site visit identify a 
problem that need further definition, or if no problem can be isolated, an 
additional site assessment may be performed. During the additional site 
assessment, more specific and extensive monitoring may be conducted for 
chemical and/or microbiological contaminants of Interest. Sampling for 
airborne microbiological contaminants is also outside of what is considered a 
standard industrial hygiene technique. Useful techniques are still under 
•valuation. Methodology is available; however, analytical support is somewhat 
limited. Nevertheless, the topic of potential microbiological contamination 
usually comes up as an investigation progresses. Close visual inspection of 
the various HVAC components will usually uncover a microbiological problem if 
present. 

The condition most commonly associated with exposure to airborne 
organisms is hypersensitivity pneumonitis. This is a general term for a 
disease which occurs as a result of an immunologic inflammatory reaction to 
the inhalation of any of a variety of organic dusts. Terms like humidifier 
fever, ventilation pneumonitis, farmer's lung and cheese worker's lung are all 
the result of these exposures. Symptoms are usually described as a recurring 
"flu-like" syndrome. Diagnosis is based on a combination of characteristic 
symptoms, chest x-rays, pulmonary function abnormalities and sometimes 
immunologic studies [7]. 

Inspection of the HVAC system and confirmation of the diagnoses of 
hypersensitivity pneumonitis among workers may be more useful than air 
sampling for airborne microorganisms until investigative techniques are 
further refined. 

DISCUSSION 

Through December 1988, 529 N10SH indoor air quality health hazard 
evaluations have been completed (Table 1) . These do not include our 
investigations of asbestos-in-building problems, but only those where the 
building occupants were actually experiencing ill health effects. The number 
of investigations has increased markedly since 1979. This is most probably 
due to a couple of factors: Increased energy conservation measures and 
Increased worker awareness of their office environment. We now average about 
two indoor air quality investigations per week. 
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TABLE 1 


NIOSH INDOOR AIR QUALITY INVESTIGATIONS 
BY YEAR (THROUGH DECEMBER 1988) 


Number 

X fc&I_ Completed _1 


Pre-1978 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

Total: 


6 

1 

9 

2 

12 

3 

28 

6 

82 

18 

52 

12 

61 

14 

56 

13 

81 

18 

59 

13 

38 

8 

45 

_! 

529 

100 


While the majority of our investigations have been conducted in 
government and private-sector office buildings (Table 2), we have also looked 
at problems in schools, colleges, and health care facilities. 

TABLE 2 

NIOSH INDOOR AIR QUALITY INVESTIGATIONS 
BY BUILDING TYPE (THROUGH DECEMBER 1988) 

. Pulling Type_* .Completed_|_ 


Government and 


Business Offices 

426 

80 

Schools and Colleges 

68 

13 

Health Care Facilities 


_z 

Total: 

529 

100 


Commonly, the symptoms and health complaints reported by the office 
workers are diverse and not specific enough to readily identify the causative 
agent (Table 3). The workplace environment is implicated by the fact that 
these symptoms normally disappear on weekends away from the office. At times, 
these symptoms can be severe enough to result in missed work, reassignment, 
and even termination. This causes increased anxiety among the workers and, 
often times, makes the investigation of these problems even more difficult and 
frustrating. 
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TABLE 3 


COMMON HEALTH COMPLAINTS 

Eye Irritation Shortness of Breath 

Dry Throat Cough 

Headache Dizziness 

Fatigue Nausea 

Sinus Congestion Sneezing 

Skin Irritation Nose Irritation 

Although many of these problems may be nultifactorial, we have 
classified our evaluations by primary type of problem found: contamination 
from the building material (4%); microbiological contamination (5%); 
contamination from outside the building (10%); contamination from inside the 
building (15%); inadequate ventilation (53%); and unknown (13%) (Table 4.) 

There are some shortcomings to these data, however, in that they may not 
represent a "true’' cross-section of the indoor air quality problem as 
previously discussed. For example, we have not used a standard protocol for 
all these evaluations, as our methods and criteria have evolved with time and 
experience. Also, since many of these investigations were reviewed 
retrospectively, there may be some misclassification due to the vagueness of 
earlier reports. Lastly, we have little follow-up data on many of these 
evaluations to enable us to determine the efficacy of our recommendations [ 8]. 

mm 
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NIOSH INDOOR AIR QUALITY INVESTIGATIONS 
BY PROBLEM TYPE (THROUGH DECEMBER 1988) 


Building Materials Contamination 

21 

4 

Microbiological Contamination 

27 

5 

Outside Contamination 

53 

10 

Inside Contamination 

80 

15 

Ventilation Inadequate 

280 

53 

Unknown 


-12 

Total: 

529 

100 


BUILDING MATERIALS CONTAMINATION 


Contamination from building materials and products vas the major problem 


in 4% of our investigations. Formaldehyde can off-gas from urea-formaldehyde 

foam Insulation, particle board, plywood, and some glues and adhesives ^ 

commonly used during construction. Other building fabric contamination ^ 

problems encountered included dermatitis resulting from fibrous glass, various ^ 

organic solvents from glues and adhesives, and acetic acid used as a curing 

agent in silicone caulking. v} 
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MICROBIOLOGICAL CONTAMINATION 


Five percent of our investigations have involved some type of 
microbiological contamination. Even though this Is not a common cause of 
office problems, it can result in a potentially severe condition known as 
hypersensitivity pneumonitis. This respiratory problem can be caused by 
bacteria, fungi, protozoa, and microbial products that may originate from 
ventilation system components. A similar condition known as humidifier fever, 
most commonly reported in Europe, is also a result of microbiological 
contamination in ventilation systems. In our investigations, microbiological 
contamination has commonly resulted from water damage to carpets or 
furnishings, or standing water in ventilation system components. 

OUTSIDE CONTAMINATION 

Contamination from sources outside the office space was the major 
problem identified in 10% of our investigations. Problems due to motor 
vehicle exhaust, boiler gases, and previously exhausted air are essentially 
caused by re-entrainment. This is usually the result of Improperly locked 
exhaust and Intake vents or periodic changes in wind conditions. Other 
outside contamination problems Include contaminants from construction or 
renovation such as asphalt, solvents, and dusts. Also, gasoline fumes 
infiltrating the basement and/or sewage system can sometimes be a problem and 
are usually caused by gasoline leaks from ruptured underground tanks at nearby 
service stations. One of the most common sources of outside contamination has 
been carbon monoxide fumes from basement parking garages being recirculated 
through the building ventilation system. 

INSIDE CONTAMINATION 

Contamination generated by sources inside the office space was the major 
problem identified in 15% of our investigations. Copying machines are often 
found to be a significant source. Examples of this type of problem would 
include methyl alcohol from spirit duplicators, butyl methacrylate from 
signature machine and ammonia and acetic acid from blueprint copiers. Still 
other inside contamination problems we have encountered include pesticides 
which were improperly applied; dermatitis from boiler additives such as 
diethyl ethanolamine; improperly diluted cleaning agents such as rug shampoo; 
tobacco smoke of all types; combustion gases from sources common to cafeterias 
and laboratories; and cross-contamination from poorly ventilated sources that 
leak Into other air handling zones. 

Contaminants from inside or outside the office space, and from the 
building fabric are essentially chemical contaminants. Many times odors are 
associated with some of these contaminants which may aid in source 
identification. Additionally, In most cases, these chemical contaminants 
measured at levels above ambient but far below any existing occupational 
standard. 


Source: https://www.industrydocuments.ucsf.edu/docs/zzvjOOOO 


9GTZZ6VZ0Z 



INADEQUATE VENTILATION 


In 53% of our Investigations, the building ventilation has been 
inadequate. When evaluating building ventilation, we normally use ASHRAE 
standards for comparison. ASHRAE standards 62-1981, "Ventilation for 
Acceptable Indoor Air Quality" (ASHRAE 1981) and 55-1981, "Thermal 
Environmental Conditions for Human Occupancy" (ASHRAE 1981) are both used. 

Some of the ventilation problems we commonly encounter are: not enough 
outdoor air supplied to the office space; poor air distribution and mixing 
which causes stratification, draftiness, and pressure differences between 
office spaces; temperature and humidity extremes of fluctuations (sometimes 
caused by poor air distribution); and air filtration problems caused by 
improper or no maintenance to the building ventilation system. In many cases, 
these ventilation problems are created or enhanced by certain energy 
conservation measures. These include reducing or eliminating outdoor air; 
reducing infiltration and exfiltration; lowering thermostats in winter, 
raising them in summer; eliminating humidification or dehumidification 
systems; and early shut-down and late start-up of ventilation systems. 

CONCLUSION 

The major problems identified in these NIOSH indoor air quality 
investigations can be placed into three general categories listed with 
decreasing frequency: inadequate ventilation, chemical contamination, and 
microbiological contamination. Inadequate ventilation is the single largest 
problem we have seen in buildings. Although varied, these ventilation 
problems commonly can allow a build-up of any contaminants present in the 
occupied space to the point that adverse health effects are experienced or 
allow the environment to become annoyingly uncomfortable to the office 
workers. As our experience increased over time, we developed a solution- 
oriented approach to conducting these evaluations which places a high priority 
on building ventilation. This approach has resulted in the best allocation of 
our resources and has allowed more efficient use of in-field as well as 
analytical time. 

Increasing office worker awareness and the current shift to office- 
based, service-type employment will no doubt increase concerns about the 
indoor air quality in offices and other non-industrial settings. More 
research into office building ventilation and its effect on background levels 
of contaminants will be necessary to provide additional and more appropriate 
guidelines for the evaluation and control of indoor air quality problems in 
the future. 

Early recognition of a problem, with a timely and systematic evaluation, 
are key factors to a quick and effective resolution. 
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BUILDING PERFORMANCE 
DATABASE (STERLING, ET AL.) 


I. INVESTIGATOR'S CONCLUSIONS FROM REPORTS CONTAINED IN THE 


BUILDING PERFORMANCE DATABASE 


SUSPECTED CAUSE IDENTIFIED 

NUMBER 

FERdNT 

VENTILATION CONTROL PROBLEM 

- lack of outside air 
poor air distribution 

- poor temperature control 
operational deficiency 

159 

39.0% 

VENTILATION INFILTRATION PROBLEM 
reentry of exhaust fumes 
outside infiltration 

40 

10.0% 

INDOOR SOURCES 


28.1% 

- offgassing from building materials 

27 


printshops/duplicators 

17 


microbial 

14 


smoking 

12 


fibrous insulation 

8 


chemical storage 

6 


cleaning solvents 

6 


pesticides 

5 


lighting 

5 


refrigerant spill 

4 


carpet shampoo 

4 


other (boilers, water leaks, etc.) 

7 


STRESS 

12 

2.9% 

ERGONOMIC/WORKSTATION DESIGN 

5 

1.2% 

UNDETERMINED CAUSE 

42 

10.2% 

NO PROBLEM IN BUILDING 

35 

8.6% 

TOTAL: 

408 

100.0% 


II. VENTILATION RELATED PROBLEMS 

"Ventilation Related" inadequacies are the most commonly 
reported cause of problems in buildings. A differentiation can be 
made between problems of "control" and "infiltration." 

10467830 


Source: https://www.industrydocuments.ucsf.edu/docs/zzvjOOOO 


^OZZZ^VZOZ 



PRESENT AND FUTURE 
OF INDOOR AIR QUALITY 


Proceedings of the Brussels Conference, 
14-16 February 1989 


Editors: 

C.J. Bieva, Y. Courtois and M. Govaerts 



1989 


EXCERPTA MEDICA, Amsterdam - New York - Oxford 

Source: https://www.industrydocuments.ucsf.edu/docs/zzvjOOOO 


2024722202 




© 1989 Elsevier Science Publishers B.V. (Biomedical Division) 

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means, electronic, mechanical, photocopying, recording 
or otherwise without the prior written permission of the publisher, Elsevier Science Publishers 
B.V., Biomedical Division, P.O. Box 1527, 1000 BM Amsterdam, The Netherlands. 

No responsibility is assumed by the Publisher for any injury and/or damage to persons or 
property as a matter of products liability, negligence or otherwise, or from any use or opera¬ 
tion of any methods, products, instructions or ideas contained in the material herein. Because 
of rapid advances in the medical sciences, the Publisher recommends that independent 
verification of diagnoses and drug dosages should be made. 

Special regulations for readers in the USA - This publication has been registered with the 
Copyright Clearance Center Inc. (CCCJ, 27 Congress Street, Salem, MA 01970, USA. Infor¬ 
mation can be obtained from the CCC about conditions under which photocopies of parts of 
this publication may be made in the USA. All other copyright questions, including photocopy¬ 
ing outside the USA, should be referred to the copyright owner, Elsevier Science Publishers 
B.V., unless otherwise specified. 

International Congress Series No. 860 
ISBN 0 444 81134 6 

This book is primed on acid-free paper. 

Published by: 

Elsevier Science Publishers B.V. 

(Biomedical Division) 

P.O. Box 211 
1000 AE Amsterdam 
The Netherlands 


Sole distributors for the USA and Canada: 
Elsevier Science Publishing Company Inc. 
655 Avenue of the Americas 
New York, NY 10010 
USA 


Printed in The Netherlands 


Source: https://www.industrydocuments.ucsf.edu/docs/zzvj0000 


2024722203 



FOREWORD 


V 


Indoor air quality conservation and procedures for the measurement of related 
potential pollutants, such as radon, asbestos, gases, pesticides, tobacco smoke and 
bacteria from air conditioning systems, have seen important changes in recent years, 
while the range and the scope of the studies have continued to expand. 

In addition to helping preserve public health, the field of interest is now extending 
to include such areas as architectural design, ventilation engineering, sociology, 
psychology and legal aspects. Related analytical techniques like gas chromatography 
and mass spectroscopy have undergone parallel refinements and their range of ap¬ 
plication has broadened. 

These advances were discussed at the Conference ‘Present and Future of Indoor 
Air Quality’, held in Brussels, February, 1989, following symposia on indoor air 
quality at Essen and Tokyo in 1987 and London in 1988. The sessions were attended 
by about 200 scientists representing 20 countries. A total of 92 papers and posters 
were presented covering such topics as pathogenesis and epidemiology, sources of in¬ 
door air contamination and risk assessment, chemistry of indoor air related to the 
outdoor air quality, social and psychological aspects of poor indoor air quality, 
motivation and attitudes, future guidelines for the improvement of indoor air quali¬ 
ty through architectural and ventilation design, and air quality monitoring. 

The proceedings include full texts and posters presented during the meeting. The 
organising committee hopes that they will constitute a useful guide for the improve¬ 
ment of our indoor air quality in the future. 
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A DATABASE OF PROBLEM BUILDINGS: LEARNING BY PAST MISTAKES 


C.W. COLLETT and E.M. STERLING 

Theodor D. Sterling and Associates Ltd., 20-1507 West 12th Avenue, 
Vancouver, British Columbia, V6J 2E2 
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INTRODUCTION 

An implicit objective of the designers of modern office buildings 
is the creation of a "healthy" work environment, one in which 
building occupants are satisfied with indoor environmental 
conditions. However, since the 1970*s, it has become apparent that 
occupants of many buildings are not satisfied, frequently reporting 
a high prevalence of health and comfort complaints which they 
relate to their work environment. This dissatisfaction has 
adversely effected productivity through higher absenteeism and 
increased stress. This type of problem is commonly referred to as 
the "Sick Building Syndrome". This syndrome was first recognized in 
Scandinavia in the early 1970’s, and has subsequently been widely 
studied in other countries of Western Europe and in North America 
(1,2). The most commonly reported symptoms include eye, nose and 
throat irritation, headache, fatigue, nausea, dizziness and skin 
rash or itchiness. In addition, occupants of sick buildings often 
report comfort problems such as a lack of fresh air, stuffiness, 
inadequate temperature control and unpleasant odours. 

A large number of investigations of sick buildings have now been 
conducted by government and private sector organizations. These 
past building investigations offer design professionals a vast 
quantity of valuable information about "mistakes" made in the past. 
Designers can learn how to create "healthy buildings" in the future 
from the mistakes that have caused "sick buildings" in the past. 

A DATABASE OF PROBLEM BUILDINGS 

An information system, the Building Performance Database (BPD) 
has been developed as a tool for building professionals and 
researchers. The BPD currently contains the results of 366 
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building investigations conducted by both government agencies (such 
as NIOSH and Health and Welfare Canada) and private sector 
organizations. The BPD is an on-line synthesis of a wide range of 
information collected by the investigators of sick buildings. The 
database includes bibliographic information about the investigators 
and their conclusions, architectural and engineering data, and the 
results of air quality measurements, building system testing and 
surveys of occupant health and comfort. 

BPD is installed on a mainframe computing system in Canada which 
can be accessed worldwide through existing communications networks. 
A more complete description of the analytical capabilities of the 
BPD has been presented elsewhere (3). 

PAST "MISTAKES" 

The findings from past investigations can provide useful 
information to design professionals as they plan future buildings. 
Knowledge about the causes of past occupant complaints can 
influence design decisions. 

Table One summarizes the conclusions from the 366 reports 
currently contained in the BPD. Review of the data in BPD shows 
that in many cases, investigators may identify several factors 
which they feel had all contributed to the building related 
problems. Consequently, the table summarizes those factors which 
have been reported by investigators as contributing to building 
problems. These factors include ventilation related problems, 
specific indoor pollutants, stress and ergonomic design. Because 
investigators have frequently indentified more than one cause in a 
building, the total number of suspected causes in the table does 
not equal the number of reports in the BPD. This format differs 
from tables previously developed by NIOSH and Health and Welfare 
Canada (4,5,6), which have reported one cause per building (i.e. 

400 investigations and 400 suspected causes), which may have 
oversimplified their results. As the objective of this paper is to 
provide designers with input into future design decisions, the 
table provides more detail on specific building problems than those 
of NIOSH and Health and Welfare Canada. 
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TABLE 1 


INVESTIGATOR’S CONCLUSIONS FROM REPORTS 
PERFORMANCE DATABASE 

CONTAINED IN THE 

BUILDING 

SUSPECTED CAUSE IDENTIFIED' 

^uniber 

Percent 

VENTILATION CONTROL PROBLEM 
lack of outside air 
poor air distribution 
poor temperature control 
operational deficiency 

159 

39.0% 

VENTILATION INFILTRATION PROBLEM 
reentry of exhaust fumes 
outside infiltration 

40 

10.0% 

INDOOR SOURCES 


28.1% 

offgassing from building materials 

27 


- printshops/duplicators 

17 


microbial 

14 


smoking 

12 


fibrous insulation 

8 


chemical storage 

6 


- cleaning solvents 

6 


pesticides 

5 


lighting 

5 


refrigerant spill 

4 


carpet shampoo 

4 


other (boilers,water leaks, etc.) 

7 


STRESS 

12 

2.9% 

ERGONOMIC/WORKSTATION DESIGN 

5 

1.2% 

UNDETERMINED CAUSE 

42 

10.2% 

NO PROBLEM IN BUILDING 

35 

8.6% 


TOTAL 408 100.0% 

ventilation Related Problems 

“Ventilation Related” inadequacies are the most commonly reported 
cause of problems in buildings. A differentiation can be made 
between problems of "control” and "infiltration”. 

Ventilation Control Problems . In 39% of the cases contained in 
BPD, investigators found problems such as inadequate outside air 
supply, poor air distribution, poor temperature control, a lack of 
humidification, and various operational deficiencies (such as 
mechanical failure and poor maintenance practices). All of these 
causes are "control" problems within the mechanical systems, that 
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can often be corrected with fine tuning of the systems. Although 
not specifically stated in the report conclusions, ventilation 
control inadequacies probably contribute to other problems in 
buildings. For example, in those reports where a specific indoor 
pollutant was cited as the suspected cause, e.g. offgassing of 
formaldehyde or smoking, the specific pollutant may have been 
removed from the building if the mechanical systems had been 
operating effectively. 

Ventilation_Infiltration. Problems . In 10% of the investigations, 
the cause of building problems was contamination of the outside air 
supply, resulting from inappropriate location of an outside air 
intake. Investigators have identified two distinct causes of 
infiltration problems. First, reentrainment of air exhausted from 
the building due to the close proximity of air intake and exhaust 
vents. Second, infiltration from external sources such as 
automobiles or industry due to improper location of outside air 
intakes, e.g. at street level on busy downtown streets, adjacent to 
loading zones or downwind from industrial plants. Designers of 
future buildings must make certain that outside air intakes are not 
located such that reentrainment or external infiltration can occur. 


Indoor 

Specific sources of indoor pollution were cited as the suspected 
causes of problems in 28.1% of the reports contained in BPD. The 
specific sources are identified in the table. The most commonly 
reported sources include offgassing from various building 
furnishings and finishing materials (20 reports), contamination 
from print shops, spirit duplicators and blueprint machines (17 
reports), and microbial contamination (14 reports). Microbial 
contamination may partly also be considered "ventilation related”, 
as problems have occurred as a result of the presence of standing 
water and dampness in HVAC system components. Smoking has been 
cited as contributory factor to building problems in 12 reports 
contained in BPD. Other identified sources include pesticides, 
insulation materials, carpet shampoo and leakage from boilers and 
water piping. 


Stress 

In 12 investigations, stress was reported as a contributory 
factor to the building related problems. In these cases, 
investigators were unable to determine a physical cause. However, 
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negative occupant perceptions about the work environment was cited 
as the main problem. Investigators of problem buildings must take 
care not to intensify occupant concerns by their presence in the 
building and "speculation" about building problems prior to final 
analysis. Recent research has suggested that the presence of 
investigators in a building may act as a psychological stressor, 
intensifying occupant belief that problems exist (7). Such 
problems can be avoided with carefully designed and executed 
building evaluations. Standardized protocols for building 
evaluations have been developed by several researchers (8,9). 

Ergonomic Design 

An important consideration for interior designers is work station 
design. Although few investigators of sick buildings appear to 
have considered ergonomic factors, recent research has suggested 
that VDT work station design is an important factor in occupant 
comfort for many white collar workers (10). Poor work station 
design and/or interior layout wes cited as a suspected cause of 
building problems in five reports contained in BPD. 

Unidentified Causes 

In 42 cases, investigators were unable to determine the cause of 
building related problems. All environmental parameters were 
"normal", and mechanical systems were operating according to 
established standards. 

No Prob lem: in Building 

In 35 cases, investigators concluded that there was no problem in 
the building under investigation, i.e. no health hazard existed. 

In most of these cases, investigators were asked to evaluate the 
potential for building related problems, rather than responding to 
specific complaints. 


DISCUSSION 

A vast array of information is now available to building design 
professionals and researchers, which identifies the probable 
reasons for occupant health and comfort complaints in modem office 
buildings. This information has been (and will continue to be) 
synthesized into a database information system, which may be 
accessed by building designers and engineers. 

Review of the findings of the investigations contained in this 
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database suggest that some of the problems that have plagued many 
sick buildings could have been avoided at the design stage. This 
is not to say that designers should be blamed for all sick building; 
problems. A building may have been appropriately designed, but 
later actions by the building users has created the problem. For 
example as a result of energy conservation measures, alteration or 
the building without attention to the mechanical systems, 
overcrowding, poor upkeep and maintenance, or introduction of 
specific sources of pollution to the building. Whatever the cause 
of past problems in sick buildings, tools such as the BPD will be 
valuable in the efforts to design healthier work environments in 
the future, in which occupants will be more satisfied with their 
indoor environment and consequently more productive. 

One final word of caution. The creation of healthy buildings is 
not solely a design issue. Once a building has been properly 
designed, building operators and users should practice a 
preventative approach to ensure that the building stays healthy 
thoughout its life. The design stage should be viewed as the first 
stage of an ongoing process termed "Building Commissioning", which 
continues to monitor the functional performance of building through 
construction and occupancy (11,12). 
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; ABSTRACT 

I The indooT environment of modern buildings, especially those designed 

for commercial and administrative uses, constitute a unique ecological niche 
I with its own biochemical environment, fauna and flora. Sophisticated con- 

I struction methods, new materials and machinery required to maintain the 

! indoor environment of these enclosed structures produce a large number of 

I chemical by-products and permit the growth of many different microor- 

• ganisms. Because modern office buildings are sealed, the regulation of 

humidification and temperature of ducted air presents a dilemma, since dif¬ 
ferent species of microorganisms flourish at different combinations of 
humidity and temperature. If the indoor environment of modem office build¬ 
ings is not properly maintained, the environment may become toxic to the 
, occupants’ health. Such buildings are classified as Sick Buildings. A review 

of the epidemiology of building illness is presented. The etiology of occupant 
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illnesses, sources of toxic substances, and possible methods of maintaining a 
safe indoor environment are described. 


INTRODUCTION 

Disease has always been strongly associated with the type and use of 
structures humans occupy. Food, drink, waste products and the presence of 
any other organic substances (including animals) harbor infectious or¬ 
ganisms. With the discoveries of the vectors by which infectious organisms 
invade a human host have come innovations in building technology and 
mechanical appliances that cook, store and preserve food, eliminate human 
waste, and help keep the indoor environment of a building reasonably free 
of harmful infectious agents. In addition, although not recognized as a source 
for disease, are toxic chemicals found indoors. The link between the by¬ 
products of combustion of biomass materials burned indoors (such as wood, 
coal, and later on, kerosene and natural gas) and subsequent chronic disease 
was not recognized until relatively recently. In general, while the type of 
structure in which people lived and worked may have had a profound in¬ 
fluence on their health, specific antecedents of disease were not so much re¬ 
lated to a structure of a building as to a specific point source within the 
structure (e.g., wastes, storage of food, fires used for heating or cooking). 

At the start of the twentieth century, a new type of structure became 
prominent; that of a large public building devoted to commercial or ad¬ 
ministrative uses. As these buildings grew in size they created a uniquely new 
environment plagued with problems, primarily because of the great volume 
of air they enclosed. In addition, the by-products of the machinery required 
to make these buildings function also created problems. The requirements 
of air intake, heating, cooling and distribution, and elimination of by-products 
of human occupation and machinery created needs for massive ducting 
throughout the full height of the structures, which led to demands for build¬ 
ing designs that were large enough to accommodate the machinery neces¬ 
sary to make human occupation possible. (These included the seldom 
mentioned flush toilets, without which, skyscrapers would be uninhabitable.) 
However, the main criteria of these early buildings was not so much to 
eliminate pollutants created inside the building but to prevent infiltration of 
pollutants from outside. This was especially true for soot from burning coal 
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used for industrial plants and residences. Initially, attempts were made to 
regulate the indoor climate by warming and cleaning intake air and then 
ducting it throughout the building. Outstanding examples of this new tech¬ 
nology are the Royal Victoria Hospital in Belfast, built in 1903, and the Larkin 
Administration Building in Buffalo, New York, built in 1906. From these 
pioneering efforts came the idea that to condition the indoor environment 
of a large building and to remove some of the sources of discomforts com¬ 
ing from outdoors, well tempered air must be provided indoors. These ini¬ 
tial attempts were further supported by the desire to eliminate the wells for 
lighting and ventilating the inside of buildings. These wells occupied space 
that could more profitably be used in commercial buildings for additional 
office space. 

It took the first half of the twentieth century to learn how to supply power 
to, and maintain these large office buildings. However, starting in the late 
1960’s, the buildings in the commercial districts of modem cities began to 
change. New buildings were erected that were sealed structures of great 
height that relied entirely on mechanical means to regulate their indoor en¬ 
vironments. Buildings that used operable windows for ventilation and cir¬ 
culating steam or hot water for heat were replaced by structures with ducted 
air that was centrally heated or cooled. Advancements in chemistry made 
possible the manufacturing of entirely new fabrics that were used to cover 
floors and walls, and construct fumituTe. Formaldehyde resins were used ex¬ 
tensively for particle boards from which furniture or wall panels were con¬ 
structed and in glues to affix carpets to the floors. A variety of machines were 
introduced, of which perhaps the most important, from an epidemiological 
perspective, are the photocopier and certain types of air conditioners. To 
clean the vast floor areas various carpet shampoos and industrial cleaners 
were used that sometimes left toxic residues. Filters were used to clean the 
air circulated by means of the ducting systems. At the same time, however, 
these filters and duct systems became breeding grounds for various types of 
organisms (as were some carpets). In short, the modem buildings provided 
conditions to create a complex ecological niche that became a possible source 
for human disease. 

CAUSES OF BUILDING ILLNESS 

Since the early 1970’s, occupants of hundreds of modem sealed office 
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buildings throughout North America have reported similar health and com* 
fort complaints (Berglund, 1984). These buildings are commonly referred to 
as "sick buildings" and the epidemic of complaints by the occupants of these 
buildings has been defined by the World Health Organization as "Sick Build¬ 
ing Syndrome" (WHO, 1982). Sick buildings are identified by a very high 
prevalence of specific health symptoms among the occupants which include: 
headache, eye problems (irritated, sore, dry, itching, or watering eyes), nasal 
problems (stuffy, runny, or irritated nose), throat problems (dry, sore, or ir¬ 
ritated throat), chest problems (chest tightness, difficulty breathing), fatigue 
and lethargy (including sleepiness and weakness), skin abnormalities (dry, 
itchy, or irritated skin), and problems maintaining concentration at work 
(Sterling, E, 1983; Hedge, 1984; Finnigan, 1984; Robertson, 1985). In four 
studies the incidence of "building illness" was found to be at least twice that 
in naturally ventilated buildings (Turiel, 1983; Hedge, 1984; Finnigan, 1984; 
Robertson, 1985). It has also been suggested that other symptoms, such as 
skin rashes/irritation/dryness, nausea, dizziness, and respiratory problems 
(wheeze, shortness of breath, chest tightness) are characteristically more 
prevalent in sick buildings (WHO, 1983; Stolwijk, 1974; Hawkins, 1985). Final¬ 
ly, there have been complaints in some buildings of increased spontaneous 
abortions. However, most of these complaints have been anecdotal, and be¬ 
cause of the difficulty of counting them, such abortions have not been verified. 

The effect of sick buildings on occupant health is demonstrated by the 
study of Sterling, E. and Sterling, T. (1983) of a group of office workers who 
moved from an old fashioned building with window ventilation and lighting 
to a modem sealed structure. Absentee data were supplied for a period of 
one year before and seven months after the study group moved into the new 
building. The percent of absent days was calculated for all staff members. 
The study group served as its own control, making possible the comparison 
of absentee prevalence before and after the move to the new enclosed struc¬ 
ture. Figure 1 shows the percentage of days absent for the study group begin¬ 
ning in August 1978 and ending in February 1980. The vertical solid line 
divides the graph into two parts, before and after the move. There is no trend 
in absenteeism before the move. Most weekly absences were below 3% and 
there were no absences at all for 40% of the weeks. The dotted line is the 
line of best fit resulting from fitting a linear equation to the data for the 
period of time prior to the move into the study building. The slope of this 
line is not significantly different from zero. The coefficient of determination 
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(r 2 ) between absentee rate and time is 0.03 and the correlation coefficient 
(r) is -0.17, indicating that no increasing (or significantly decreasing) trend 
is apparent 

The solid line is the line of best fit of the data for the period of time 
after the move. The positive slope of 2.66 approximates the linear trend of 
absentee rates per week in the study building during initial occupancy. The 
r 2 in this case is 0.53 and r is .73 (p < .01). This significant trend clearly shows 
that absenteeism was increasing after the move into the new building. 

Figure 2 details the striking difference in specific complaints in a cross 
group comparison between a study and control group. The control group oc- 


83 



Source:https ://www. i nd ustrydocu merits, ucsf.ed u/docs/zzvjOOOO 


2024722224 










taking appropriate measures. Such examples contribute important informa¬ 
tion of how to prevent building wide epidemics. 

In 1982 my associates and I started to create an archive of reports of 
studies of sick buildings (Collett, 1987). This archive now contains reports of 
almost 500 building studies conducted in North America (the majority are 
located in the LJ.S). These studies were completed by industrial hygienists 
and investigators working for the National Institute of Occupational Safety 
and Health ( NJOSH ) of the United States, the U.S. Center for Disease Con¬ 
trol, various municipal and state agencies, universities and other research 
centers. 

Here are some examples identified as contributing causes of building 
illness: 

Formaldehyde: From insulation (Gunter, 1981 \Fannick, 1981) and offgasing 
from materials containing formaldehyde resins ( Chrostek, \9&V, Konopinski, 
1980; Coy, 1982). 

Industrial cleaners: From the residues of industrial carpet shampoos ( Kreis, 
1981 -, Robertson, 1980). 

Solvents: From fresh ink on checks in poorly ventilated areas (Thobum, 
1981) and priming solvents (Gunter, 1981). 

Perchloroethylene: From the duct work of a dry cleaner. The gas travelled 
above the ceiling to other stores in the same complex ( Thobum, 1981). 

Fiber Glass: Disseminated through the ventilation system (Kreis, 1981). 

Ozone: (Shoemaker, 1977; Gunter, 1981). 

Automobile exhaust: Entered through the ventilation inlets (Nudelman, 
1979 -Uiderman, 1982). 

Photocopiers: From a hot oil process, use of methyl alcohol (Prior, 1981; 
Apol, 1981;Fawticfc, 1980; Chrostek, 1981). 
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The causes of sick building syndrome are very often unclear. Usually, 
however, the health symptoms in such buldings can be resolved by increas¬ 
ing the fresh air supply (Salisbury, \9&\\ McManus, 1985; Chio, 1985). 

A summary of what is known about specific causes of sick building 
syndrome was provided by the U.S. National Center for Occupational Safety 
and Health (NIOSH) in 1984. The findings from 203 of NIOSH’s investiga¬ 
tions undertaken up to the end of 1983 were reviewed and tabulated by the 
Health Hazards Evaluation Branch of NIOSH ( Melius, 1984). Of these 203 
studies, 17.7% attributed the health symptoms to indoor air contamination 
(e.g., from sources such as industrial cleansers or photocopiers), 103% to 
outdoor air contamination (e.g,, from misplaced air intake vents that would 
draw gasoline fumes from garages or bus stations), 3.4% to building con¬ 
tamination (e.g., offgasing of formaldehyde from wall panels, glues and resins 
in carpets, and furniture made from particle board), 403% to inadequate 
ventilation, 3% to hypersensitivity pneumonitis (often caused by the use of 
humidifiers), 2% to cigarette smoking, 4.4% to humidity, and 1% to noise 
and lighting. The remaining 10% of the studies did not find a cause for health 
symptoms. A review by Health and Welfare Canada ( HWC) of 94 building 
studiesgave similar results (Kirkbride, 1985). In this review, 68%ofthe studies 
attributed the cause of health symptoms to inadequate ventilation (e.g., poor 
air circulation, inadequate fresh air intake, and poor temperature and 
humidity control) 10% to outdoor contaminants (e.g., motor vehicle exhaust 
entering the building), 5% to indoor contaminants (e.g., photocopy machines 
and tobacco smoke; the report does not state to what extent the cause of 
building illness was due to the use of copy machines or cigarette smoke), 2% 
to building gases (e.g., formaldehyde, organic glues and adhesives), and the 
remaining 15% to unknown sources. (Because of present concerns with smok¬ 
ing, all NIOSH and HWC studies paid special attention to smoking as a pos¬ 
sible cause of sick buildings. It is of interest, therefore, that smoking was said 
to be a major cause of complaint only in 2% to 5% of the sick building in¬ 
vestigations. Removing the smoker entirely, then, may not affect health and 
comfort problems in 95% to 98% of sick buildings.) 
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BIOCHEMICAL SUBSTANCES 
IN MODERN BUILDINGS 


A wide range of substances have been measured inside modem office 
buildings. Some of these substances are known, and others are thought to be 
associated with various diseases. A summary of the measured substances was 
compiled by the U.S. Environmental Protection Agency and published in the 
Environment Protection Agency Indoor Air Quality Implementation Plan 
(1987) under the title "Common Indoor Pollutants,Their Sources and Known 
Health Effects" (EPA, 1987). (Because of its importance, this list is included 
as an APPENDIX.) 

In summary, the EPA table lists 73 common indoor pollutants that are 
known to be toxic, although not necessarily at the level of concentration found 
in most buildings. Of these 73 substances, 38 are attributable to building com¬ 
ponents and appliances, 26 by the evaporation of drinking water, 17 by out¬ 
door air, 16 by products used for cleaning and maintenance, 12 by tobacco 
smoke, and 9 by vehicles exhaust trapped in garages. Tobacco smoke was 
singled out by the Environmental Protection Agency because of its visibility; 
However, with the exception of nicotine and nicotine derivatives, almost all 
of the substances from tobacco smoke are also derived from a number of 
other sources. For example, carbon monoxide (CO), besides being present 
in tobacco smoke, is usually present in much greater quantities, or produced 
by, HVAC systems, garages, outdoor air and gas stoves; styrine also comes 
from furnishings and drinking water; benzene from garages and drinking 
water; methyl chloride from drinking water, pyridine from outdoor air; 
acetone from cleaners, waxes, adhesives, cosmetics and outdoor air; acroline 
from the combustion of various products (as are other substances such as 
formaldehyde or respirable particles); benzo(a)pyrene from automobile ex¬ 
haust and drinking water, and analine is a by-product from various activities. 
Sources, other than tobacco, are not given for methylamine and hydrazine. 
(This may be a result of too few measurements available for these two sub¬ 
stances, rather than a real absence of these substances from the combustion 
of materials other than tobacco.) 

In summary, the EPA list demonstrates that there are multiple sources 
for many chemicals and substances known, or thought, to be toxic. Because 
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there are so many alternative sources for most substances found in a build¬ 
ing, the best method to deal with indoor exposure to biochemicals is to dilute 
them by adding an adequate amount of fresh air. 


THE INDOOR ECOLOGY 

a 

A general rule of ecology is that every spot capable of supporting life 
will be occupied by some form of life. This is just as true for the indoor en¬ 
vironment as it is for the Arctic-Tundra. Countless substances, necessary to 
sustain life, are found indoors, especially in the ducts and ventilation system 
of a building and in all places where moisture may gather. Dusts, much of 
which contain both the staff of life and microbial and viral life itself, are 
brought into buildings through fresh air intake and on the clothing, hair and 
skin of building occupants and visitors. Some of the microorganisms can cause 
violent physiological reactions in humans. 

Perhaps the best known example of the possible virulence of indoor 
microbial life is Legionnaires’ Disease. Legionnaires’ Disease, named after 
an explosive outbreak of pneumonia in a group of Legionnaires attending 
an American Legion convention in Philadelphia in 1976, is a pneumonia-like 
reaction to the Legionella Pneumonphilia bacterium. The bacterium requires 
the presence of certain algae, which usually grow in cooling towers at specific 
temperatures, for growth (Fraser, 1977). Pontiac Fever, named after a health 
department building in Pontiac, Michigan, U.S., in which the syndrome was 
first described, is a strain of Legionnaires’ Disease {Kaufman, 1981). Recur¬ 
rences of Legionnaires’ Disease and Pontiac Fever are documented from 
time to time, very often in hospitals, and are always connected with poor 
maintenance of cooling towers ( Friedman, 1987; Carbe, 1985; ConweU, 1982; 
Kaufmann, 1981; Fisher-Hoch, 1981). 

Legionnaires’ Disease, however, is just the tip of the iceberg. There are 
many places in a building in which infectious organisms (bacteria, viruses, ^ 

fungi, mites) and pollen may flourish. As an example, my associates and 1 G 

reported allergic and infectious reactions caused by humidifier contaminants to 

(Arundel, 1986, see TABLE 1). In general, organic materials will flourish at 
all levels of relative humidity. Figure 3 describes the relationship between ^ 

to 

to 
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TABLE 1. REPORTS OP ALLERGIES CAUSED BY HUMIDIFIER CONTAMINANTS 


•ubjKH 

Dm*mk 

Contaminant 

Cafffirihatian 

11 Office 
workers 

Fever, malaise, 
chest tightness, 
polyuua 

Acenthemoeba spp 

Symptoms disappeared 4 weeks after 
the humidification system corrected 

76otl*c* 

workers 

fever, chills, cough. 

dy«>nee 

Unknown, possibly 
protozoa 

He symptoms 6 months after 
humidification system removed 

24 factory 
workers 

txtrinssc allergic 
•hrtolitit 

Fhialophori Spp , 
Cephaiosporium, 
Fusarium. Giiomatiik 

Frecipftini to humid ifier water, 
symptoms ceased after alteration 

SO system 

20 factory 
workers 

Fe«rer, chilli. 

dy *>nea 

Fseudomonas 
andotoxms tn hum«fif*r 

Hoi stated 

3 housewives 

Recurrent acute 
interstitial 
lung disease 

Tnermoactinomyofi m 
home humidifier 

Fositrvt bronchial challenge to 
htmophiia 

1 TTH* 

Recurrent 

pneumonia 

Fungi end bacteria in 
humidifier 

Challenge with vaporiser aerosol 
positive. «*C'f« agent unidentified 

1 female 

Recurrent 

hypersensitivity 

pneumonitis 

Thermototerent bacteria 
in home humidifier 

Fosmve bronchial challenge, positive 
arum 

1 femete 

Hypersensitivity 

pneumonitis 

Unknown organisms in 
home humidifier 

Positive pulmonary challenge to 
humid*f*» water, aiiifamiiy members 
showed pracipitm reactions 

1 female 

Hypersensitivity 

Cephaiosporium in 
home humidifier 

Prtcipitms to antigens 

3 asthmatics 

Asthmatic «p isodes 

Yeast contaminated 
aerosols in hum id ifier 

Recurrent symptoms on re**posure 

1 femete 

Pneumonitis, 
recurrent chills 
fever, cough. 

Thermophilic 

act inomycetes In home 

humidifier 

Positive bronchial challenge 

1 matt 

Hypersensitivity 

pneumonitis 

Thermoact inom y ces 
vulgaris in console 
home humidifier 

Symptoms disappeared 
when humidifier removed, 
precipitating antibodies 

1 female 

Hyper sen sit wiry 
pneumonitis 

Thermoact inomyce* 
vulgaris in humidifier 

Precipitin! against agent 


From Aiundtl tl M. (1B86). 
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the humidity and growth of various types of bacteria, viruses, fungi, and mites, 
respiratory infections, atopic reactions, chemical interactions, and ozone 
production. As one can see from this figure, the growth of organic materials 
is minimized if the relative humidity in a building is maintained between 40% 
and 60%. 
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CONCLUSION 



Modern office and public buildings create an indoor environment that 
is poorly understood and may be exceedingly hostile to occupants unless its 
hazards are dearly recognized. Because of the multiplicity of hazards and 
the chain of events that lead to physiological reactions in humans to con- 
taminated indoor environments, no single and/or simple solution(s) is avail¬ 
able. Adequate attention to ventilation and fresh air supply will eliminate or 
minimize many of the eye, throat, nose, and/or skin irritations caused by 
chemicals in the air by diluting them to a safe level. However, insofar as out¬ 
door air contains a large number of toxic pollutants, it should be dear that • 
a well ventilated building may only be able to maintain outdoor levels of 
cleanliness. 

There are some instances, however, in which modem technology can 
improve and maintain the cleanliness of indoor air as compared to outdoor 
air. For instance, adequate filtering systems may remove much of the dust 
found outdoors and air conditioning and heating systems can adjust for 
climatic conditions. These technologies, however, need to be applied with a 
full understanding of the possible effect that application might have on human 
health. For example, while fillers will remove unwanted dusts and respirable 
particles from the outdoor air, such filters also offer a medium for growth 
for a variety of bacteria and other infectious agents. Therefore, filters should 
be changed very frequently, which is a building maintenance expense. Similar¬ 
ly, aerosols from cooling towers need to be kept away from fresh air intakes 
in buildings. This requires careful planning in the placement of these air 
vents. (In addition, fresh air intake vents should not be placed near street 
level or garages where they will take in exhaust from motor vehicles and ex¬ 
haust vents). 

Finally a working relationship needs to be established between build¬ 
ing engineers, architects, and epidemiologists. For instance, in studying a 
building with my associate, Elia Sterling (architect), we found that the high 
absentee rate and prevalence of irritation complaints was caused by the for¬ 
mation of indoor smog. A large amount of air was passed over high ultraviolet 
producing lighting fixtures. The impact of the high level of ultraviolet (UV) 
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light on the air stream was similar to that of the sun on outdoor pollutants. 
Ultraviolet light is a cause of outdoor smog in such cities as San Francisco 
or Los Angeles. Similar UV emissions can cause the formation of smog in¬ 
doors. We learned from this particular building that air vents should not be 
constructed to serve as lighting Fixtures and high UV sunlight simulating 
fluorescent lighting should not be used ( Sterling, E. &. Sterling, T. 1983). We 
also learned that the epidemiology of sick buildings requires a multidiscipli¬ 
nary approach that should include architects, industrial hygienists and ven¬ 
tilation engineers. 
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INDOOR AIR QUALITY INVESTIGATIONS 
MEDICAL SERVICES BRANCH (CANADA) 
1984 


I. 


PROBLEM TYPE FOUND BUILDING INVESTIGATIONS 

Number % 

1. Inadequate Ventilation 64 68 

Poor Air Circulation 

Inadequate Outdoor Air 
(C0 2 > 800 PPM) 

Poor Temperature/ 

Humidity Control 

2. Outdoor Contaminant 5 10 

Reentry of Building Exhaust 
Motor Vehicle Exhaust 

3. Indoor Contaminant 5 5 

Copy Machines 
Tobacco Smoke 

4. Building Fabric 2 2 


Blues and Adhesives 
Formaldehyde and Organics 


5. 

Biological Contaminants 

0 

0 

6. 

No Problem Identified 

14 

15 


TOTAL 

94 

100 


10467786 
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SICK BUILDING SYNDROME: CAUSES AND EFFECTS 


Sick Building Syndrome can be broken down into three 
sub-categories - Tight Building Syndrome, Humidifier 
Fever and Legionnaire Disease. 

I will spend most of my time this morning on Tight 
Building Syndrome. 

What is a Tight Building? The definition is arbitrary, 
practical, and loose. 

There are buildings which meet these criteria in 
which one can see through gaps between walls and window 
frames. Paradoxically, some buildings with tight building 
envelopes - energy efficient residences, for example 
- do not meet the criteria, since the occupants are able 
to control the ventilation system. 

The health effects that make up Tight Building Syndrome: 

Few researchers would disagree with this list. However 
there may be some debate as to whether these are health 
effects or comfort factors. Is eye irritation an illness? 

Is headache that clears up on leaving the building an 
illness? Is fatigue an illness? One can argue either 
case. The point is not entirely academic, since in real 
life employees are generally asked to contact health 
service staff about health problems, and building mainte¬ 
nance staff about comfort problems ... 


... /2 
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You will also note that most of the listed symptoms 
are rather vague and subjective, and therefore very diffi¬ 
cult to measure in a consistent way. Vague and subjective 
the symptoms may be, yet the syndrome is striking and 
convincing, and a time-consuming problem to those of 
us who have responsibilities in the fields of occupational 
and environmental health. You will also note that a 
number of these symptoms are attributable to tobacco 
smoke, a near universal contaminant of office buildings. 
Until the last few years, tobacco smoke has been looked 
upon as a normal inoccuous component of indoor air. 

1 will return to tobacco smoke, and some other contaminants, 
shortly. 

Many organizations in many countries have investigated 
Tight Building Syndrome. The problem was .first described 
in Scandinavia in the early nineteen seventies. By 1975, 
it was being frequently described in North America. 

An American agency that has conducted large numbers 
of fairly detailed investigations is NIOSH (the National 
Institute of Occupational Safety and Health). Health 
and Welfare Canada experience is similar to that of NIOSH. 


TABLE 

TABLE 



A. 


5. 


The causes of Tight Building Syndrome TABLE 6. 

First, let me mention a non-cause: lack of oxygen. 

1 can say with confidence that the oxygen level in this fO 

building and in virtually every office building in Canada 

XV 


Co 
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today is 21%. My organization no longer measures oxygen 
levels when investigating office buildings with air quality 
problems. 

Pollutants 

Let me review some of the pollutants that may be 
contributory; and let me aay in advance that in practice 
the search for pollutants is usually - not always - 
unrewarding. With one notable exception: tobacco smoke. 
Most investigators and researchers will agree that this 
is the most important single pollutant in the air of 
office buildings. 

Carbon monoxide 

Major indoor sources (unvented gas stoves, heaters, 
etc.) are not usually a problem in office buildings. 

Motor vehicle emissions can sometimes enter a building 
- from an attached parking garage, for example. 

CO generated by cigarettes would not usually result 
in indoor levels exceeding industrial standards, although 
this can occur in small meeting rooms containing numerous 
smokers. 

formaldehyde 

Measured levels in office buildings infrequently 
exceed the Canadian residential standard of 0.1 ppm. 
formaldehyde is a common component of several types of 

... /4 
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condensation-type synthetic resins (e.g. phenol formaldehyde, 
melamine-formaldehyde, urea formaldehyde.) Urea formaldehyde 
resin is used in plywood (adhesive) and particle board 
(binder). Coated paper, floor coverings and fabrics 
can contains formaldehyde. 

Carbon dioxide 

Product of combustion and human metabolism. Outdoor 
levels typically 320 ppm. Office levels typically 600 ppm, 
depending on quality of ventilation and density of occupants. 
CO2 is measured as a proxy of the quality of ventilation. 

Prone 

A power oxidizer, and reactive pollutant. The dominant 
source is the outdoor air, formed by photochemical reaction. 
Indoor sources are unusual e.g. electrostatic air cleaners, 
electric motors, photocopiers. 

Ventilation factors as a cause of Tight Building Syndrome 
From a previous slide (Slide 5), you will remember 
that in the experience of NIOSH, in about 50% of the 
buildings investigated, the problems were attributed 
to faulty ventilation, temperature, and humidity. Let 
us look at some standards for temperature and humidity: 

These standards may be met for a floor of a building, 
yet there may still be local problems, created for example 
by room dividers which restrict airflow. 

Temperature and humidity problems are relatively 
common. 

... /S 
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Psychological factors 

These can be very important. 

The occupant is aware that he is the best sensor 
in a building - better able to integrate environmental 
information than thermometers or hygrometers or airflow 
meters. Yet he does not have the control over the ventilation 
system that these instruments may have. The only method 
left open to him is to express his dissatisfaction to 
the people who have access to the controls. If these 
complaints do not produce improvement, the occupant feels 
out of control, and can become increasingly irritated 
by these conditions and increasingly sensitive to them. 

We must also bear in mind that ventilation systems are 
increasingly complex, and that in a large building only 
the designer may fully understand them. In other words, 
maintenance staff may not be in full control of the system. 


HUMIDIFIER FEVER 

Humidifier fever is an allergic illness. The picture 
is that of a mild flu* like illness - chills, fever, 
breathlessness, typically on Mondays on returning to 
work. 

Humidifer fever is a type of extrinsic allergic 
alveolitis - comparable to farmers lung. 

The cause: microorganisms in the humidifying system TABLE 11. 
- bacteria, fungi, protozoa and thermophilic actinomycetes. 

... /6 
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LEGIONNAIRES DISEASE 

You nay remember the episode of 1976, at the Bellevue 
Stratford Hotel in Philadelphia. There were 162 cases 
of pneumonia-like illness, including 29 deaths, in partici¬ 
pants at the annual convention of the American Legion. 

The diagnosis was elusive. Sabotage, nickel carbonyl 
poisoning, swine flu, were all suspected, then rejected. 

Eighteen months later the Centres for Disease Control 
in the USA isolated and identified Legionella pneumophilia 
(a bacterium). (The final solution at the Bellevue Stratford 
hotel was truly final: the hotel was demolished.) 

Spread of Legionella in humans : by aerosol from contaminated 
water systems (e.g. shower heads). Person to person 
spread has not been described. 

% 

How frequent is Legionnaires Disease? 

In the USA, in the first four months of 1986, 190 
cases were notified. This compares with 102 cases of 
typhoid, or 962 cases of measles during the same time 
period. 

Other aspects of Legionella are disturbing: TABLE 12 

TABLE 13 


... n 
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LUNG CANCER 


This disease is important enough to merit discussion 
in the context of building associated illness. 

When 1 reviewed some building pollutants, I included TABLE 14. 
radon, asbestos, and secondary cigarette smoke. These 
agents are all human carcinogens, and can cause lung 
cancer as well as some other cancers. 

Radon is generally present in much lower levels 
in office buildings than in residences. Therefore I 
will not consider it further. 

Asbestos is often encountered in building materials, 
and I would be surprised if this building was an exception. 

1 would also predict that if we were to attempt to measure 
asbestos in the air of this room it would not be in present 
in detectable quantities. Asbestos does not present 
a significant health problem in buildings unless it is 
damaged, allowing fibres to enter the air. 

With regard to secondary tobacco smoke , the evidence 
from a number of epidemiological studies has been steadily 
accumulating since 1979. The weight of scientific evidence 
strongly suggests that secondary tobacco smoke in the 
workplace is responsible for a significant number of 
lung cancers - somewhere between 300 and S00 lung cancer 
deaths per year in Canada. p 

In conclusion, let me summarize the causes and effects TABLE IS. 
of Sick Building Syndrome: 


C 
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1. Ticht Buildins Syndrome 

m 

2. Humidifier Fever 

(an INFLUENZA - LIKE ILLNESS) 

% 

3. Lecionnaires Disease 
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DEFINITION OF TISHT 1UILB1N6 


Larse Building 

Forced Ventilation 

Occupants Cannot Open Windows 
or Control Own Ventilation 

Usually New or Newly Renovated 
Building 


O 

N 

C/i 
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3. 



Eye Irritation 

Headache 

Odor 

Skin Irritation/Rash 
Sinus Congestion 
Cough 

Sore Throat 

Shortness of Breath 

Abnormal Taste 

Dizziness 

Fatigue 

Nausea 

Hheezing and Hypersensitivity 
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PRESIDED SOURCE OF THE PROBLEM JJ 203 IWVEST.16»U0J.S-I.UI1CSH 


■umber X 

Poor Ventilation. Thermal Comfort, or Humidity 107 S3 

CONTAMI MARTS FROM IRSIOE THE BuiLDINS 42 21 

(Comers. Tobacco Smoke, etc.) 

CONTAHIRANTS FROM OUTSIDE THE BuiLDINS 21 10 

(Rotor Vehicle Exhaust, etc.) 

Buildins Fabric Contamination 7 3 

(FIBRE BLASS, FORMALDEHYDE, SLUES, ETC.) 

Biolosical Contamination 7 3 

Miscellaneous or Undetermined 19 10 

203 
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INDOOR AIR QUALITY INVESTIGATIONS 
BED 1 CAL SERVICES BRANCH 
1984 


Problem Type Found 

1. Inadequate Ventilation 

- noon air circulation 

* INADEQUATE OUTDOOR AIR 

(C02 > 800 ppm) 

- POOR temperature/ 

HUMIDITY CONTROL 

2. Outdoor Contaminant 

- REENTRY OF BUILD1NS EXHAUST 

- MOTOR VEHICLE EXHAUST 

3. Indoor Contaminant 

- COPY MACHINES 

- TOBACCO SNORE 

A. Buildins Fabric 

- BLUES AND ADHESIVES 

- FORMALDEHYDE AND ORCANICS 

5. Biolosical Contaminants 

6. NO PROBLEM IDENTIFIED 

TOTAL: 


BuiLDIRt IXVEITISATIPR? 


luMBER 

X 

64 

68 


9 

10 


5 

5 


2 

2 


0 

0 


JLi 

11 


94 

100 

w 

K 

K 

K 
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iAilSLS- Pr ._I] fHT IVILPi tlE STHBRMI 

1. Pollutants 

2. Ventilation Factons: 

- Temfenatune 

- Humidity 

- Ainflov 

3. PSYCHOLOGICAL FACTONS 
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C«MOM monoxide 

Typical ofmci levels: 0.5 - 5 ppm 

Industrial standard: 55 - 50 ppm 

Ambient air standard: 9 ppm 


.Formaldehyde 

OFF I RARE IN FEDERAL OFFICE BUILDINGS 
Hone important sources: 

Carpet backing, fabrics, insulation, particle board; 

SMALL AMOUNTS FROM TOBACCO SMOKE 

Typical office levels: less than 0.1 ppm 

Residential standard (Canada): 0.1 ppm 
Industrial standard: 1 ppm 


I&M 

Rot a problem in office buildings 
Does not sive rise to acute symptoms 


Asbestos 


Rot usually a 
Does not give 


problem unless damaged or disturbed 

RISE TO ACUTE SYMPTOMS 


W 

1\3 

i\5 

N> 

Cm 

0) 


So urc e:https ://www. i nd ustrydocu merits, ucsf.ed u/docs/zzvjOOOO 



I. 


Carbon DIOXIDE 
Typical outdoor levels 
Typical indoor levels: 
Industrial standard: 

Ozone 

Typical outdoor level: 
Typical indoor level: 
Industrial standard: 


about 330 PPN 
about 600 - 1000 PPN 
3000 ppn 


0 - *0 PPB 

0-20 ppb 
100 PPB 


Viable orsanishs (bacteria. 


PURCAL SPORES, ANOEBAE, PROTOZOA, 

NENATODES) 


Ho STANDARDS 


A mi 

Standard: acceptability to panel of observers. 


Besative ions 

NO ACCEPTABLE SCIENTIFIC EVIDENCE TO SUSSEST THAT THEY 
AFFECT CONFORT OR HEALTH. 

Photochemical snos 
An ingenious hypothesis 
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HOST FREQUEWT OFFEHDEKS 


Tobacco broke 


Carbon ronoxide 


Forraldehyde 


Odors 


Viable orbanibrs? 




fO 

O 

fo 


25 


S ource: https ://www.industrvdocuments.ucsf.edu/docs/zzviOOQQ 


11 . 


■TOIDIFIPS 



S ource: https ://www.industrydocuments.ucsf.edu/docs/zzvjOOQQ 



10 . 


PUBLIC WORKS CAHADA STANDARDS 


Acceptable Irdoor Temperature Rance 19°C - 26°C 




Acceptable Humidity Rance 


20X - 60S 
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A QUEBEC CITY HOSPITAL, 1985 

12 CASES of Lesionnaires disease occurred 
ir hospital (nosocomial infection) 


Rater samples from 38 

30X POSITIVE FOR 


FAUCETS (IN ROOMS): 

Lecjonella 




Rot vater tanks: 

1 OUT OF 2 POSITIVE 
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54 DOMESTIC WATER HEATERS WERE EXAMINED 


Electric water heaters: 11 out of 57 positive for Lecionella 


IS^ 


Oil or cas water heaters: 0 out of 17 positive for Lecionella 
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Secondary tobacco smoke 
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SICr BUILDIH6 STHDROHE; 5UHHARY 


EFFECTS 

Sick buildinc syndrome encompasses: Tisht Bujldins Syndrome 

Humidifier Fever 
Lesionnaires Disease 


Cause? 

Pollutants - chemical (includinc some carcinosens) 

- IIOLOSICAL ASENTS 

Ventilation, temperature, humidity problems 

PsVCHOLOSICAL FACTORS 
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SOURCE, NATURE AND SYMPTOMOLOGY OF INDOOR AIR 

POLLUTANTS 

CJUtetHO 

ACVA Atiamtk lac, *371 D eno ormcy Urn* fbkta, VA W USA 


INTRODUCTION 

ACVA Atlantic Inc. specialises In th* study of indoor air pollution. 
Sine* v« established ACVA in 1981, v* hav* pioneered a multi-disciplined 
approach to th* investigation of internal pollution. Investigstors Include 
chemists, microbiologists, and air conditioning engineers -• three disciplines 
unused to working as a team. Our client list Includes numerous government 
agencies; multi-national companies in insurance, finance, industry, banking, 
and property management; colleges, schools, and numerous hospitals. Host of 
our clients now not only ask us to examine other buildings that they own, but 
also enter into long term contracts of regular monitoring and preventive 
maintenance. In £mct„ as of Kerch 1988, we have nov studied the indoor air 
quality of over 42 million square feet of property. 

INDOOR POLLUTANTS . THE SOURCES 

Virtually averything v* us* in the interior sheds some particulates and/or 
gases. Uhen a building Is new, some compounds are given off quickly and toon 
disappear. Others continue "off-gassing" at a slow pace for years. Common 
office supplies and equipment have been found to release dangerous chemicals- 
especially duplicators and copiers and v» have even found formaldehyde being 
released from bulk paper stores. 

People themselves axe a major contributor alnce each person sheds 
literally millions of particles, primarily akin scales, per minute. Many of 
these scales carry microbes but fortunately the vast bulk of these microbes arc 
short lived and harmless. 

Clothing, furnishings, draperies, carpets, etc. contribute fibers and 
ether fragments. Cleaning processes, sweeping, vacuuming, dusting, etc. 
normally remove the larger particles, but often increase the airborne 
concentrations of the smaller particles. Cooking, broiling, grilling, gas and 
oil burning, smoking, coal and wood fires also generated vest numbers of 
airborne particulates, vapors, and gases. If th* windows and doors are closed 
all of these can only accumulate in,that internal environm e nt. 

INDOOR POLLUTANTS THE TYPES 

There are many types of Indoor pollutants, gases, vapors, dusts, fibers, 
and viable and non-vlabla microorganisms. Some of Che more on Tin ones ore 
described below. 



• ** Li ' .*• 

7 5 







Source: https://www.industrydocumerits.ucsf.edu/docs/zzvjOOOO 







L 

U 

L 

L 


Titi-'rti-V V' ■ 



• r 


• . ffj 


.::;■ •#* 

V;ss** ' ri 




fiiuaU Onal&ili 

There are arguably the widest rtnt« of pollutant* with litorally thousands 
of specific typss fortunstsly occurring In wary dilute concentrations which ora 
usually expressed as parts par Billion or par billion. Host of those are 
preevsed to to aafa at tha wary low lsvals ancountersd, although soma synergism 
totwaan different organics or some Incldancaa of organlct •aanaltiling* people 
to othar pollutants cannot to rulad out. Usually tha organics ara »ora a 
problaa in tha typical home than tha offlcs and eoncsntrstlons In tha bona ara 
usually higher than tha off lea mainly dua to lowar air exchange rates. 

ladon Cat 

ladon, a decay product of uranium, Is prsssnt In variable quant it las In 
soils. It movea froa tha aoll by diffusion into the soil's air poetott or Into 
aoll vatsr. Than tha radon can aigrata froa tha aoll air through unwanted 
crawl spaces, building foundation eracks, ate. into tha Indoor apaca. Some 
building aggregates, clndar block, ate. also contain radon and out-gassing froa 
thass aatarials add to tha indoor air lsvals. In othar cssas radon antars a 
building via tha watar supply. Soaa of this radon Is rslaasad whan thara Is 
turbulanca of tha watar such aa a running tap. It has been estimated by soaa 
rasaarchers that anywhere froa 10 to IS* of tha evaraga radon ve ara exposed to 
coaas froa such water. However, tha gantral consensus Is that tha principal 
source of radon In buildings undoubtedly la tha soil gas. Follutlon by radon 
is far mors prevalent in hoaas than In offices, again mainly due to tha lower 
air exchange rates In hoaas plus tha fact that hoaas have a larger area of 
exposure to soil rslatlvs to building volume and soil leakage area. 

Inamnlx teiflti 

Carbon dioxide Is produced by respiration and combustion, oxides of 
nitrogen and sulphur art combustion products associated with gas stoves,,wood, 
coal fires, and kerosene heaters. Carbon aonoxlda Is ealtted froa unventad 
kerosene heaters or wood stoves and it frequently diffuses into buildings froa 
sutoaobila exhaust fumes generated In adjacent garages. Small to trace 
quantities of each of these gases and othar organics are present In cigarette 
amoks. 

Ozone la another gas that is generated, usually in vary Basil quantities, 
by aiacallsnsous copying machines and by csrtsin electrostatic precipitators 
that are used to clean up tha sir. In one specific case that wa studied, the 
maintenance staff of a building switched off the main air supply fans over the 
weekend, but omitted to switch off ths ecntral electrostatic precipitators. 
Thus, ozone accumulated inside tha air handlers and was subsequsntly delivered 
to tha staff first thing each Monday morning. Whan tha fans ware switched on 
this caused a severe, though temporary, period of discomfort to the paopla 
working in tha areas involved. 

mats 


Frior to 1973, asbestos waa the material of choice for fire-proofing, 
thermal Insulation, and sound Insulation. It was used as a spray-on insulation 
of callings and stasl glrdsrs; as a thermal Insulation of tollara, pipes, 
ducts, air conditioning units, ate.; as an abrasion rat latent filial in floor 
tilas, vinyl ahaat floor coverings, roofing, and aiding shingles; as a 
flexible, though resistant, Joining compound and filler of taxturod paints and 
gaskets; as a hulking material with tha tost wasr char ae tar 1st ics for 
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automobile broke ohoos, and in countless domestic sppllsncos such ss toastors, 
broilers, dlshwoshors, rofrigerators, wans, clothss dryers, sltctrlc blanksts, 
hair dryors, ate. In fact, th« EPA has ostimotsd that approximately 733.DOO or 
20% of all government, residential, and prlvats non*residential buildings in 
tho ll.S. contain mm typt of friable ash#*to**containing material. 

tho fact is that many at bos too bearing materials or products ars of no 
health risk what snow t vhon usod in tho normal course of avonts* however, If 
for any season of star, abrasion, friability, water damage, ate., any af tho 
asbestos f ibora art roloaaad Into tho air and inha lad into people’s lungs, 
thora Is a hoalth hazard. Tho sclent 1 fie evaluation of all available huaan 
data provides no svldonee for a •safe* level of airborne aabaatos exposure, 
thus any quantity should bo coos id* rod potentially dangerous. 

Clan fibers and Other Han.*asdt Fibers 

Tho glass fiber (usually referred to as fiberglass) industry is In its 
infancy compared with asbastos and since asbestos related illnesses only 
manifest themselves ten* of years after exposure, there are soae schools of 
thought thst suggest gloss fiber fragments will also accumulate in the lungs 
and cause latsr problems, This may be so, but it is unlikely to be anywhere 
near as severe. The fibers of glass ars not shed in such lsrge quantities as 
asbestos and most ©1 the to sins, etc. bonding the fibers together appear to be 
extremely effective and long lasting. Itarever, so** fragmentation does occur 
and this is especially noticssble when the loose fiberglass Insulation^ 
popularly used In attics and ceiling voids, is disturbed. Host of ms have 
experienced itching on contact with fiberglass and dermatitis-type reactions 
ars not infrequtnt due to airborne fiberglass particles. 


In our reviews of the literature,, the one tree of indoor pollution thet 
has received least study or research has been contamination due to microbes. 
Nine percent of the first 223 major buildings studied by ACVa have exhibited 
high levels of potentially pathogenic or allergy causing bacteria, including 
Actinomyces and Flavobacterlum species. In addition, Legionella pneumophila, 
the cause of the dreaded Legionnaires* disease has frequently been isolated 
from inside air conditioning systems. 

Perhaps more significantly, we have found over twenty-eight different 
spec lea of fungus contaminating air handling systems (sea Table 1). 

Table 1. Fungi Isolated from Air Conditioning Systems 
by ACVA Systems ** 1981 to 1987 


Alttmarls ap. 
Aureobssidlum sp. 
Cephalosporins sp. 
Chrysotporlns sp. 
Curvularla sp. 
Fusarlum sp. 
Manilla sitophila 
Hucor sp. 

Ootpora sp. 
Penicillins sp. 
Ihlxopus sp. 
Saccharomyces sp. 
Streptomyces sp. 
Vertlcllllis sp. 


Aspergillus sp. 
Candida sp. 
Chaetomlum sp. 
Cladosporlum sp. 
Dlplesporlum sp. 
Melmlnthosporium sp. 
Konosporlum sp. 
ttycella sterile 
Paecllomycea ap. 
Fhoma sp. 

Khodotoruls sp. 
Seopulsrlopsis sp. 
Trlcotheclum sp. 
Ysasts 
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Of th# 223 buildings studied by ACVA between 1981 and 1987. thirty-four 
percent have been found to contain high levels of potentially pathogenic or 
allergy cousing fungi, including Alt# maria, Aspergillus, Ciadosporium, 
rosarium, and Penlcllllum specie*. In many buildings with excessive stiff 
complaints, either Aspergillus snd/or Cladospcrius iptelti of fungus vers found 
growing to excess in th# sir conditioning due tvork systems. In some 
investigations, mpldealologlcsl teste run by various doctors have confirmed 
Mvin allergic rssetions to th* spores of thsss fungi in sll sffoctod stiff. 
Subsequent cleaning sad removal of th* sourc*s of tbss* fungsl contaminants 
have resulted In s complete abatement of complaint*. 

OIKT .l* DOCTVOW 


HVaC systems also have bean found to be poorly designed and negligently 
maintained. Excessiv* dirt aecxssul#cions are coaaon in ductwork, ovan in 
hospitals. Frequantly dirt is built into the systems during construction sine* 
th* ducts ere instilled long before the windows, etc. and construction dusts 
fro* the site, plus wood shavings, lunch packets, coke and beer cans, etc. find 
thamsalves brushed into th* vents then *out of sight •* out of mind.* 
Thereafter over th# life of the building, more dirt enters with th* eupply and 
return air. Good filters reduce the rate of this accumulation, but the only 
perfect filter would be a brick well. All filters, even the ultr*»*fflcl*nt 
HIPA filters used in hospital operating rooms allow fine particles through. 
Many of these fine particles coalesce, sticking to each other by adhesion or 
electrostatic attraction and larger particles simply grow with time. In 
commercial buildings, much che e per and far less efficient filters are common. 
Brnny will stop birds and moths, but that Is about all. Occasionally we find 
that th* filters have been omitted and very frequently v# find they are 
undersize, resulting in large air gap* that allow massive volumes of air bypass 
to occur. Then, there are the large electrostatic precipitators that 
theoretically provide ultre*efficient air. In on* major building we found Id 
out of their 18 precipitators were inoperative due to broken parts, many had 
not worked for ever a year. In a major hospital, we found the power peck we* 
missing from one of these units. When inoperative electrostatic precipitators 
provide sero filtration. 

Dirty ductwork 1* a prefect breeding ground for germs. It provides an 
enclosed space, constant temperature, humidity, and food -• which Is the dirt. 
Ho germ could wish for more! 

The extent of this potential problem Is huge and it is very surprising 
what v* have found in ducts. Dead insects, molds, fungi, deed birds and 
rodents are common. In 1984 we found two dead snakes In air supply ducts. Ve 
have also found rotting food, builders rubble, rags, and newspapers. All of 
these contaminate the alt ve breathe. It is the dirt that ancourages germs to 
breed ** germs which cause Infections. 

The dirt and dusts also may be allergenic, in feet most of the dusts are, 
by definition, household dusts which ere notorious for causing allergies In 
many people. 

In a survey of a 730,000 square foot hospital in Virginia, we found 14 
alias of ductwork. Her* are a few examples of the problems ve encountered In 
that mare of ducts. Smoke detectors blocked by dirt and Inoperative; fire 
dampers jammed ©pen by dirt — they were unable to close; reheat colls 
completely blocked by dirt seeling off the fresh air supply; turning vanes and 
aven the exhaust grilles completely sealed with dirt accumulations •* In the 
operating suite th* exhaust fan was still working against these duct blockages 
causing such Immense negative pressure In the ducte thee the ducts vara bowing 
inward almost to the point of collapse; huge excesses of baeteria and fungi 
were present inside th# air handling chambers and throughout the ductwork; 
cress infection rates were high and nurses, doctors, and patients complained 
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obout poor sir quality. V* have sine* cleaned sll th* sir handlers and th* 14 
m i\m% of ducts and h*v* overseen th* Installation of mors officiant flltar 
systems. That hospital has been dramatically improved and its air quality is 
now wall above average. 

SYHPTOHOLOCY OF INDOOR AIR FOLUTTANTS 

In general, when one hears of a polluted building or a so-called *alck 
building,* on* hears familiar symptoms froa eecupants including eye and nos* 
irritation, fatigue, coughing, ; rhinitis, nausea, headaches, sore throats, and 
general raspiratory probleas. Without doubt, th* pollutant most often blaaed 
for thee* symptoms by the public is environmental tobacco amok* (ETS). 
However, there are usually confounding variables presented by a number of 
potential contaminants that precludes a quick analysis establishing a single 
source of contaainatlon. The main problem being the incredible siallerlty 
between symptoms froa widely different irritants or even environmental 
conditions. For example, Identical symptoms have been reported for Individuals 
exposed to formaldehyde, ammonia, oxides of nitrogen, and ozone. In addition, 
slailar symptoms are reported by those Individuals suffering allergic type 
reactions to numerous dusts and to microbial spores such as Aspergillus, 
Ftnicilliun, and Cladosporiua fungi, aaong others. Slailar symptoms have been, 
reported from exposure to corton dust and fiberglass fragments and an ever 
increasing mad similar problea Is encountered due to low relative humidities. 
The letter Is well known to frequent flyers of airliners where relative 
humidity levels ere frequently es low as 10%. compared to e normal lower 
comfort l*v*l of #ay 40%. 

This similarity of symptoms la usually unappreciated by the public and In 
part it accounts for a bias against tobacco saoke, which happens to be th* sole 
visible air pollutant. Furthermore, due to thelT unreliability, we, as a 
policy, refuse to rely upon or otherwise us* the information generated by 
subjective building occupant questionnaires. Only upon careful investigation 
of the entire Indoor environment and ventilation system of a building can be 
drew informed conclusions about the various causes of poor indoor air quality. 
As a result, we have made It out business to perform precisely such 
investigations. Despite being the main suspect of the occupants in many of the 
buildings we have examined, we have determined high levels of environmental 
tobacco smoke to be Immediate cause of indoor air probleas in only four percent 
of th* 223 major buildings Investigated by ACVA between 1981 and 1987 (tee 
Table 2). Significantly, in those faw cases where high accumulations of ETS 
have been found, ACVA also has discovered an excess of fungi and bacteria in 
th* HVAC system. These microorganisms usually are found to be th* primary 
causes of the complaints and acute adverse health affects reported by building 
occupants. 

Table 2. ACVa Systems Experience -- 1981 to 1987. 


Total building studies 
Number of square feet 
Estimated number of occupenta 


223 

39,000.000 

225,000 


ftirmirv ot most significant bollutanta found: 

Bi ter - f - g ll MUni i in Ai r Lai Xillfllm 

Allergenic Fungi 34 

Allergenic or pathogenic bacteria 9 

Class fiber particles 7 

Tobacco smoke 4 

Carbon monox Ida (vehicles) 3 

Miscellaneous gases J 
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•bout poor *ir quality. V# have since cleaned all tha air handlers and the 14 
alias of ducts and have overseen the Installation ©f sort efficient filter 
systems. That hospital has baen dramstically laprovad and Its air quality Is 
wrv wall abova average. 

rrKPTOHouxry of ihdoor air fouttakts 

In general, whan ona hoars of a pollutad building or a so-called "sick 
building,* on* hoars familiar symptoms fro* occupants Including aya and noaa 
irritation* fatigue, coughing, rhinitis, nausaa, haadachas, aora throats, and 
general rasplratory problems. Without doubt, tha pollutant most oftan biased 
for those symptom i by tha public Is environmental tobacco smoke (ETS). 
However, there are usually confounding variables presented by a number of 
potential contaminants that precludes a quick analysis establishing a single 
source of contaalnatlon. The main problas being the Incredible similarity 
between symptoms from widely different Irritants or ov«n environmental 
conditions. For example. Identical symptoms have been reported for Individuals 
exposed to formaldehyde, ammonia, oxides of nitrogen, and osone. In addition, 
similar symptoms are reported by those Individuals suffering allergic type 
reactions to numerous dusts and to slcroblal spores such as Aspergillus, 
Fenieilllua, and Cladosporlum fungi, among others. Similar symptoms have been 
reported from exposure to cotton dust and fiberglass fragments and an aver 
increasing and similar problem is encountered due to low relative humidities. 
The latter is well known to frequent flyers of airliners where relative 
humidity levels are frequently as low as 10%, compered to a normal lower 
comfort level of cay 40%. 

This similarity of symptoms is usually unappreciated by the public and in 
part it accounts for a bias against tobacco smoke, which happens to be the sole 
visible air pollutant. Furthermore, due to their unreliability, we, as a 
policy, refuse to rely upon or otherwise use the information generated by 
•ubjective building occupant questionnaires. Only upon careful investigation 
of the entire indoor environment and ventilation system of a building can*be 
drew informed conclusions about the various causes of poor indoor air quality. 
As a result, we have made it our business to perform precisely such 
investigations. Despite being the main suspect of the occupants in many of the 
buildings ve have examined, we have determined high levels of environmental 
tobacco smoke to be immediate cause of indooT air problems in only four percent 
of the 223 major buildings investigated by ACVA between 1981 and 1987 <eee 
Table 2). Significantly, in those few eases where high accumulations of ETS 
have been found, ACVA also has discovered an excess of fungi and bacteria in 
the HVaC system. These microorganisms usually ere found to be the primary 
eauses of the complaints and acute adverse health effects reported by building 
occupants. 

Table 2. ACVA Systems Experience -- 1981 to 1987. 


Total building studies 
Humber of square feet 
Estimated number of occupants 


223 

39,000,000 

223,000 




Summary of most significant pollutants found: 

Malar-Fallutin u In,Air k of Euiidinas 

Allergenic Fungi 34 

Allergenic or pathogenic bacteria 9 

Claes fiber particles 7 

Tobeeeo smoke 4 

Carbon monoxide (vehicles) 3 

Miscellaneous gases 2 
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Tha fact is that tha accumulation of many pollutant* Is itaalf a tyaptoa 
t mora sarlou* problaa ** a problaa of inadaquata ventilation. Hadlclna 
taachas uj that traatlng tha symptom# simply do a a not work, on* has to go aftsr 
tha causa of tha problaa. 

Improper ventilation can sonatinas ba carried to extremes. Tha fresh air 
dampers var# closed completely in over 35% of those buildings studied by ACVA 
(sea Table 3). Three years ago ve found a building where the “maintenance 
engineer* had bricked up tha fresh air want# to save energy. In Washington 
State, on# HIOSH investigator of a sick building found heavy duty polyethylene 

Table 3. tick building Syndrome Causes •• ACVA Experience 

Saspic buildings: 223 

totalling 39,000,000 square feat 

Period: 1931-1987 


(1) 

Eftfli gmUiUfiP 

Ho fresh air 

35% 


Inadequate fresh air 

44% 


Poor distribution of air 

48% 

(2) 

Iasi nitration 

Low filter efficiency 

57% 


Poor design 

44% 


Poor installation 

13% 

(3) 

CEnuainattfl Simai 

Excessively dirty ductwork 

38% 


Condensate trays 

83% 


Humidifiers 

18% 


sheets sealing off the fresh air Intakes. It turned out that these had bean 
installed two years earlier to reduce the levels of silica dust being carried 
into the building froa Hount St. Helens. There are also numerous incidences of 
inadequate ventilation due to hidden blockages Inside ducts. Using fiber-optic 
technology, we have found many classical examples of such where turning vanes, 
dampers, and rahaat cells Inside ducts have been totally sealed with massive 
accumulations of dirt, loose insulation, etc. 

Perhaps the most atrlous problaa of ventilation la that there la mo 
effective legislation mandating the uniform use of minimum fresh air 
requirements. Certainly sopc authorities do specify ventilation rates at tha 
design stage -• most of these are based on ASHRAX or bOCA standards. However, 
the major probloa la that there la no legislative structure, nor Is there a 
practical policing methodology to ensure that the operators of buildings run 
their ventilation aystame according to such designs. 

THE EFFECT OP IHIECY COHSDtVATIOH 

beme of these examples of Inadequate ventilation were due to Ignorance er 
accidents, however, the complex of symptoms that 1 have mentioned •• the “sick 
building syndrome* -- may result primarily from energy conservation efforts to 
seal buildings and reduce the InflUratien/exflltration of sir. Such of forts 
have reduced the natural infiltration of fresh air that previously oxiststf in 
many buildings, exacerbating the often undiscovered problem of a poorly 
designed ot maintained HVAC system. 
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It* addition to tightening buildings and staling windows, building Managers 
hav* shut down ait conditioning systems at night and on weekends In an effort 
to lower energy costs. Vhen the air conditioning is shut down in huald 
climate*, condensation builds up and settles inside the ductwork. If dirt le 
present in damp ductwork, spores and microbes can flourish, only to be spread 
throughout the building once the HVaC system is turned on the next morning. 
This often results in Monday morning complaints of building odors or building 
sickness that disappear during the week, only to recur the following Monday 
morning. To save more energy, automatic temperature controllers art used to 
cycle fans on and off during the day. Vibrations from the start-up of these 
fane can cause dirt and microbes trapped Inside ductwork to be dislodged and 
carried Into occupied arees. 

Another energy conservation effort that may contribute to alck building 
syndrome Is the recirculation of Indoor sir, at the expense of fresh outdoor 
air. The 35% of the buildings mentioned above were saving energy by abutting 
off all the fresh air. 

Extremely bad distribution of air throughout the building is common, 
especially in those systems using multiples of fan coll units mounted 
throughout the various floors of the building. Local thermostats switch off 
individual units independently of others and micro-environments are set up. 
Often It is necessary to ensure that when the heating or cooling le not 
required, all the fens should be left running to eld circulation throughout the 
areas concerned^ 

Variable air volume systems (VaV) using VAV mixing boxes mounted in the 
celling void frequently have louvers opening Into the void. When certain 
temperature conditions are met, the louvers open end return or exhaust air from 
the void can be induced Into the supply air, bypassing the filtration system. 
Ve have found fiberglass, asbestos, fungi, and ETS to be recycled throughout mn 
office due to this design. 

More and more frequently one finds the following design condition, exhaust 
fans rated at ssy 70 to 80% of the supply fans. The supply fans am* often 
automatically throttled back for energy savings, sey to 25% of their rated 
capacity. If the exhaust fan is not adjusted at the same rate the exhaust fan 
can overpower the supply fan and no fresh air gets into the building. The open 
fresh air louvers now act as addition exhausts and the whole building runs at 
negative pressure. Vhen this occurs, unfiltered outside air infiltrates into 


from underground 


the building or, worse still, exhaust fumes are sucked 

garages. 

In addition, as described above, *"the substitution of low cost, low 
efficiency filters to reduce pressure drops end save energy seriously reduces 
the efficiency of building filtration systems, and can lead to serious indoor 
air quality problems. 

VENTILATION COS/S 

Without doubt, the major resistance to increasing ventilation rates has 
been the cost of such Increases. Most coe^anles have incorporated energy 
management problems and new operating • budgets based on saving every energy 
dollar possible. In fact, the very tileries and bonuses of building engineers 
or energy managers are dependent on reduced coste. It would be an anathema for 
them to consider Increasing energy usage and cost by lncraaslng ventilation. 

However, forward thinking companies should look way beyond the constraints 
of budgets of the energy managers. Consider the following: the average 
heating, ventilation, and air conditioning operating costa of a typical 100,000 
square foot building In the Washington, D.C. area would be $50,000 per annum. 
A commendable target for energy saving by saving on ventilation may be ssy 25% 
savings, giving a useful $12,500 per annum. Of course, many of you present 
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operate building* winy fold larger than 100,000 square feet, so these savings 
are *n attractive goal (aee Table 4). 

Table 4. Energy Conservation. 

Consider a 100,000 square foot building 

Typical total utilities cost ($1.25 and $1.75/sq ft) 

Average: $1.50/square foot - $150,000 par annua 

Typical HVAC fraction (25* to 40*) 

Average: 53* - $50,000 per annua 

Thus: All energy conservation steps by 
reducing ventilation, Increasing air 
recirculation, etc. contribute a 
fraction of $50,000 per 100,000 square foot 
Hot*: a 25* energy savings - $12,500 per year 

How, consider the payroll costs for people In that building. Using 
typical averages, there are 150 square feet of space per employee, therefore 
each 100,000 square feet would house 667 people. Supposing ve paid these staff 
only $15,000 per annua for the salary plus payroll costs, the salary bill (667 
x $15,000) would be approxiaately $10,000,000 per annua per 100,000 square 
feet. Thus, each 1% absenteeism costs $100,000 par snma (see Table 5). 
Typical absentee rates run et 3 to 7* and no less than 30 to 50* of all 
absenteeisa la estimated to be due to upper respiratory problems. Bow many of 
these are due U dusts, bacteria, fungi, fibers, chemicals, ITS, carbon 
monoxide, oxldas of nitrogen, etc., 1.*., hov aany are due to these Internal 
pollutants. 

Table 5. Payroll Costs. 

Consider 100,000 aquar# feet 
Average staffing - 150 square foot/eaployte 
1QQ.QQQ square feet - 667 eaployees 
150 

Assume average salary and benefits - $15,000 per annua 

667 x $15,000 - $10,000,000 per annua 

1.*., each It absenteeism costs $100,000 per annua 

Hois cn_ Ay era tt : Upper respiratory complaints - 
30 * 50* of all absenteeism 

In short, what does It profit a company to aav* $12,500 in energy savings 
If that aaall saving causes potentially hundrtds of thousands of dollars In 
absents*Isa, not to mention lost worker efficiency. Small wonder that sobs 
E uropean countries, Including Demark, Vest Germany, and Switzerland have 
Introduced legislation mandating that steps aust be taken to prevent the 
buildup of Internal pollutants. The United States la destined to follow that 
course either by slow evolution or legislation will be precipitated as a 
result of court actions brought by Individuals or by trad* unions making the 
building owners, architects, designers, and operators responsible for the 
health and welfare of their staff er tenants. 
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ACVA DATABASE fROBERTSONS 


I. ACVA SYSTEMS EXPERIENCE — 1981 TO 1987. POLLUTANTS 

Total building studies 223 
Number of square feet 39,000,000 
Estimated number of occupants 225,000 


Summary of most significant pollutants found: 

Major Pollutants in Air % of Buildings 


Allergenic Fungi 34 
Allergenic or pathogenic bacteria 9 
Glass fiber particles 7 
Tobacco smoke 4 
Carbon monoxide (vehicles) 3 
Miscellaneous gases 2 


The fact is that the accumulation of many pollutants is 


itself a symptom of a more serious problem — a problem of inade¬ 
quate ventilation. Medicine teaches us that treating the symptoms 
simply does not work, one has to go after the cause of the problem. 


II. SICK BUILDING SYNDROME CAUSES — ACVA EXPERIENCE 

Sample Buildings: 223 

totalling 39,000,000 square feet 

Period: 1981-1987 


( 1 ) 


( 2 ) 


Poor Ventilation 


No fresh air 
Inadequate fresh air 
Poor distribution of air 

Poor Filtration , 

Low filter efficiency 

Poor design 

Poor installation 


35% 


64% 


46% 

w 







57% 

JO 

44% 

JO 

13% 

JO 


X 


JO 


So urce :https://www.industrydocuments.ucsf.edu/docs/zzvjOOOO 


(3) Contaminated Systems 


38% 

63% 

16% 


Excessively dirty ductwork 
Condensate trays 
Humidifiers 


- 2 - 
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AN INDOOR AIR QUALITY SURVEY OF 
TWENTY-SIX SWISS OFFICE BUILDINGS 


Simon Turner and Peter V.H. Blrtnie 
Healthy building* International Inc. (HBI) 
10376 Democracy Lane 
Fairfax, Virginia 22030 
U.S.A. 



In an effort to characterize the major factors Influencing air quality in 
buildings in Switzerland, 26 representative buildings were selected for this 
study. Each building was subjected to the aa»a indoor air quality survey 
methodology. The most significant cause of air quality problems was found to be 
poor ventilation, followed by inadequate filtration and poor hygiene. Control 
of Legionella bacteria and asbestos>contslnlng materials may also require high 
priority in order nrevent isediate and long tar* hazards to building 
occupants. 

imODUCTIOH 

There is a continuing requirement for air quality data on buildings not 
classified as "sick" which are representative of buildings as a whole within a 
specific region or country. Currently, data on levels of many common indoor 
pollutants in Switzerland are sparse. In addition, it has been shown in the U.S. 
(1,2,3) that maintenance activities and the condition of air handling equipment 
can have a profound affect on Indoor air quality. Information on these factors 
in Switzerland is equally hard to find. 

This survey selected and evaluated a representative group of 26 commercial office 
buildings comprising a total of approximately 102,300 square meters of office 
space in 20 cities in Switzerland. The objective of this survey was to provide 
contributory data for future mitigation policies, as well as to help set 
guidelines for suitable ventilation rates and filtration standards in particular. 
These studies were carried out fro* the 7th of February to the 15th of Harch 
1969. The buildings selected for this survey were of a wide variety in terms of 
their size, construction and use. However, a standard methodology to investigate 
each building was applied. 

METHODOLOGY 

Although a standard approach was used to survey each building, it required 
flexibility to cope with different types of buildings examined. 


Since one of the objectives of this survey was to assess maintenance standards, 
each study commenced with an interview with the personnel responsible for 
maintenance of the building. Questions were designed to elicit operative details 
such as system on/off times;; fresh air, return air and exhaust settings; 
scheduled maintenance routines; and complaint areas, if any, but did not include 
questioning of the occupants. There was a walk through of each building to 
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identify obvious building configuration* or design feature* which could influence i| 

air quality in the occupied area*. Thi* was followed by a complete visual ' 

inspection of the internal* of the building's ventilation system, if any. A 
visual inspection was also Bade of the internals of the main air supply ductwork 1 

leaving each air handling unit. Vhere necessary, access was gained to this 
ductwork by the installation of a small access port and the insertion of a fiber I 

optic horoscope. ! 

Qualitative Singling 

In each air handling unit and main air supply duct, a aeries of samples were also 
collected on cellulose ester filters for light microscopy analysis. Surface 
microbe samples were collected on Random Organism Detection and Counting (RODAC) 
agar plates, to be subsequently incubated, counted, and identified. 

A laser particle counter with a site-selective inlet for sampling particles with 
an aerodynamic diameter of 0.5 microns and above, was used to count particles 
inside the ductwork. Ac least two points were sampled Inside each major run of 
ductwork. This qualitative information on the building, along with the location 
of the samples and the building engineer questionnaire, was prepared on a aet of 
standard field notes to ensure consistency. In the case of buildings not 
equipped with forced air ventilation systems, this walk through and sampling 
phase was obviously more limited in scope. 

Quantitative Air Sanmllne 

A set of locstions were identified in each building to be used for quantitative 
airborne sampling. These loc at Iona were spread evenly throughout the study area 
of aach building with a minimum of two locations per floor, as well as an outdoor 
control sample point. The following parameters were measured at sach location 
vhere relevant and appropriate: 

i 

• Respirable airborne particle counts, using a piezoelectric microbelance; 

• Carbon dioxide levels, using a non* dispersive infrared absorption portable 

gas analyzer; 

e Carbon monoxide concentrations, using a controlled potential electrolysis 
detector; 

• Airborne nicotine (after Ogden et al (4)), with a personal universal flow 
sampling pump; 

• Temperature, using a miniature platinum Ft 100 resistance sensor; and 

• Relative humidity, using a chromed layered capecitative electrode. 

The following parameters were measured in at least two selected locations in each 
building: 

• Miscellaneous gases, using Castec calibrated detector tubes 

• Airborne microbial counts, using a centrifugal air sampler employing 

Impaction onto an agar lined drum; 

• Formaldehyde, using midget impingers containing sodium bisulphite, followed 
by spectrophotometrie analysis; 

• Radon gas in basement areas, using Track-Etch radon detectors; 

• A range of volatile organic compounds, using a CC/MS in one or two 

locations per building, plus an outside control for aach city; 

• Bulk asbestos analysis of any materials in the air stream of the 

ventilation system, or exposed to the building occupants, which were 
suspected of containing asbestos fibers; 

• Sampling and counting of alrbomt asbestos fibers; 

• Sampling of selected water sources, and analysis for the presence of 

lagionella pneumophila, along with s hazard assessment of the water source 
for possible future contamination and dissemination of this organism. 
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RESULTS AND DISCUSSION 

This survey yielded * large amount of data which can be broadly classified as 
either quantitative analytical data or Bore empirical assessments of the 
condition of the air handling systems. The quantitative data is shown in Tables 
I, 11 and 111, with the qualitative data assessed and ranked on Figure 1. 

Nitrogen dioxide, lover and higher range hydrocarbons, ozone, ammonia, and 
sulphur dioxide were not found above the detection limit of the method used and 
are, therefore, not Included in these tables. 

TABLE I. MECHANICALLY VENTILATED AULAS 


Building C0 2 (ppm) CO (ppm) (Mgm* 5 ) 


Airborne 
Radon microbes 


A (all) 
C (all) 
F (all) 
1 (all) 
R (all) 
Y (all) 


545 

4.3 

4.1 

41 

35 

408 

2.5 

2.7 

53 

53 

587 

3.6 

3.7 

13 

19 

442 

4.3 

4.4 

29 

35 

492 

2.5 

0.6 

20 

26 

491 

$9£) 

3.5 

3.0 

3.3 

2.5 

14 

_LL_ 

12 

.14 

509 

3.4 

3.1 

26 

27 


NATURALLY VENTILATED AREAS 


Building C0 2 (ppm) CO (ppm) (pga’ 5 ) 


Airborne 
Radon microbes 


D 

(1-2F 
and 5F-8F 

523 

564 

2.4 

3.4 

21 

36 

E 

(all but 
lab 

600 

622 

2.7 

6.7 

92 

56 

C 

(all but 
reception 

658 

642 

6.2 

4.2 

118 

357 

H 

(all but 669 572 

computer/conference 

2.1 

rooms) 

3.5 

14 

16 

J 

(all 1 ) 

679 

871 

3.4 

3 6 

29 

34 

K 

(All) 

817 

617 

15 

1.8 

98 

87 

L 

(All) 

938 

588 

2.5 

2.0 

31 

14 

H 

(total 733 

study area) 

544 

2.0 

2.0 

49 

30 

N 

(All) 

746 

750 

2.0 

2.0 

16 

16 

0 (complete 

692 

713 

3.3 

2.4 

33 

-- 


study area except 3F conf, 


P (all) 

670 

895 

2.4 

T (all) 

731 

613 

2.5 

U (Cround 

600 

475 

3.0 

floor offices. 

basement) 

1 I V (all) 

663 

692 

3.3 

; i w (aid 

556 

600 

2.7 

! I X (All) 

900 

720 

2.4 

2 (all but 
basement! 

575 

. 

658 

2.3 

MEAN 

704 

667 

2.8 

• *Thls mean 

flguri 

t does 

not : 


2.5 100 85 0.04 

2.5 33 15 0.04 

2.6 46 52 0.02 

2.4 144 78 0.03 

2.3 45 78 0.02 


2.8 2.1 55 63 


-• 

-- 

77 

824 

<DL 

62 

991 

23.4 

37 

2693 

3.9 

44 

1206 

41.9 

29 

2859 

18.3 

46 

2033 

2.8 

59 

562 

17.8 

23 

414 

15.1 

275 

935 

) 

- * 

29 

702 

<DL 

37 

146 

9.0 

209 

*• 

-- 

37 

84 

5.3 

92 

910 

<DL 

532 

138 

<DL 

14,641 

-• 

3.0 

-• 

1036 

10.0 

106* 
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TABLE III. MIXED YIRTILATED AREAS 

I! 

RSP Total Rico* Alrboc* , 1' 


Building 

CO i 

(PP») 

CO (ppa) 

(kga* 5 ) 

HCHO 

VOC* 

tine 

Radon 

Aerobes 

Area 




on 

an 

nn 

fDDnV 

f um* 3 V 

fumi' 3 ) 

(Born' 3 

) (efus * 3 ) 1 

B (all) 

579 

561 

5.4 

4.6 

19 

16 

0.04 

2420 

25.7 

37 

377 

D (3F-4F) 

460 

450 

3.0 

3.4 

12 

14 

0.01 

1366 

<DL 

- - 

271 

E <CF lab) 

1250 

1650 

3.0 

3.0 

60 

130 

.. 

599 

-- 

• - 

259 

C (CF 

350 

400 

3.0 

2.0 

40 

60 



<DL 

- - 

775 

reception 

K (computer/ 550 
conference) 

700 

2.0 

4.0 

20 

10 


• - 

* - 

* - 

13 

0 (3F eonf. 508 617 

lounge and 2F lounge) 

3.3 

2.7 

25 

• • 


• * 

2.7 

* • 

516 

Q UU) 

620 

573 

2.4 

2.7 

55 

13 

0.03 

329 

2.1 

33 

533 

S (all) 

750 

517 

3.2 

2.8 

43 

42 

0.03 

321 

1.4 

77 

554 

V (IF, 3F, 

550 

558 

2.7 

2.6 

70 

57 

-- 

1070 

1.1 

.. 

481 

CF cafe)__ 

KEAN 

624 

692 

3.1 

3.1 

40 

46 

0.03 

1016 

4.7 

48 

420 


CO 
RSP 
VOC* 

PP“ 

cfum“ 3 

Thai* 26 buildings varied vldaly, and as a result, there were many items found 
which were unique to a particular building. Specific problems Included HVAC 
outside air intakes directly adjacent to parking lots. This type of problea is 
reflected in the "building configuration" section of Figure 1. Another problem 
unique to a building was an excessively high radon concentration in an area of 
Building X which required immediate attention. There were, however, some other 
more pervasive factors which were common to at least a sub-set of the buildings. 

Since this survey was made In winter, most operable windows remained closed. As 
a result, many of the buildings that were not equipped with forced ventilation 
systems became somewhat stuffy, and this was reflectad in elevated carbon dioxide 
concentrations, either throughout the building, or in certain pockets. Table 111 
ehows carbon dioxide levels overall in the naturally ventilated buildings to be 
slightly lower in the afternoon -• this coincides with observations that windows 
were more often open in the warmer afternoon hours than in the colder mornings. 
Table III also shows that most indoor pollutants measured vere marginally higher 
in the naturally ventilated areas. An exception is carbon monoxide, which was 
generally lower and this may ba due to the presence of underground parking 
garages under many of the sealed, mechanically ventilated buildings. 

Low ventilation rates can ba seen to affect more than half of these 26 buildings 
(Flgurt l) and may be indicative of a general trend. Since the majority of 
underventilated buildings vara elder structures with little or no mechanical 
ventilation aystea, it demonstrates that Indoor air quality problems are not 
limited to U.S. style "high tech" sealed buildings, but are just as likely In 
elder buildings (at least in seasons of adverse weather). 


carbon monoxide 
respirable size particles 
volatile organic compounds 
parts per million 
not tested for 

colony forming units/cubic meter 


C0 2 csrbon dioxide 

HCHO formaldehyde 

pgn' 3 micrograa/cublc meter 

DL detection limit 

Bqa* 3 Beequerels/cubic meter 




30 



So urce :https://www.industrydocuments.ucsf.edu/docs/zzvjOOOO 


2024722291 





] 

! 


i 


Figure 1. Indoor Air Quality Frobleaa froa 24 *visa Failding* 


14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


Cemuletivt Buildings Studied 


WL Major 
BS Secondary 
O Minor 



Nona Inade- Dlat. 

oval* 

VENTILATION I 


Inade- Fit Load 
avail 

FILTRATION 


AHUa Traya Air Bldg 
supply canfj 

SYSTEM 


Aab. ITS Fib. Sact. Fungi 
flaaa 

CONTAMINANTS 


Nona - no fraah air 
Inadaquato - liaitad fraah air 
Dlat. * poor fresh air distribution 
AHUs - dirty air handling units 
Trays - blocksd or dirty condensate 
trays 

Air supply - dirty air supply ducts 
Bldg Conf * building design or 
configuration problems 


Inadequate » low efficiency filters 
Fit - poor fitting filter 
Load * excessively dirty filters 
Asb. - presence of asbestos 
ETS - environmental tobacco smoke 
Fib. glass - loose in air supply systea 
Bacteria - presence of infectious or 
allergenic bacteria 
Fungi * presence of infectious or 
allergen! fungi 


Overall, dust levels were higher In the naturally ventilated buildings not 
equipped with a filtration systea. This is not surprising since dusts generated 
by occupant activities are aore likely to be suspended in the rooa air for long 
periods Instead of being drawn into a return systea. In the aore sophisticated 
buildings, a number of filter systeas were found to be subjected to poor 
maintenance -- moat commonly the selection of filters which are likely to rate 
less than 10% efficient in the respirable size range. Host commercial systeas 
should be fitted with filters at least 20% efficient in this size range. A 
minority of these filters were poorly fitted, allowing air bypass, and four 
buildings were found to have filters which were excessively loaded. Ve still 
require a standard test which evaluates the ability of the filter to remove sub- 
alcron size particles since these are the ones that penetrate deep into the 
respiratory systea. Ve currently do not have such a test which Is applied 
routinely to ccnerclally available filters. 


Due to poor maintenance, heavy dirt created probleas In most of the air handling 
units inspected. Condensate trays and air supply ducts were also found to be 
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loaded with varloua lavala of dirt, alime or scale. Sampling for Ltglonells 
pneumophila in building wattr ualng the Legionella Rapid Assay method, revealed 
traoe level's of the organism In five buildings, and strongly positive results in 
three buildings. These Bade up the majority of the bacterial problems found in 
this survey and demonstrate that this organise say be quite widespread in cooling 
and huaidifying systems in Swiss buildings. In all twenty-six buildings, 
airborne aicrobial sample* yielded wide ranges of fungal species. These were 
generally similar to outdoor air sample results, better attention to hygiene of 
air handling systems may be one of the more effective ways of reducing occupant 
exposure to irritants in many Swiss buildings. j 

A minority of buildings exhibited poor use of fibrous glass, creating the 
potential for release of fibers either Into the air stream of the ventilation ! 

systems, or directly into the room air. This Is a maintenance item which is 
relatively simple to correct. More complex problems are raised by asbestos 
containing materials which were found to be a significant problem in two of the 
buildings examined, and secondary or minor problems in a further four. The 
control of fiber release from asbestos contsining products In Swiss buildings may 
be a topic which requires significant educational effort in the future. 

Environmental tobacco amoke was found to be a secondary or a minor irritant in 
a total of alx of these buildings, usually associated with pockets of poor 
ventilation. Ventilation rates which maintained carbon dioxide levels 
consistently below 800 ppm, resulted ini low levels of ETS, both as measured by 
nicotine and ESP levels. 

The most room for Improvement In these buildings was found with ventilation j 

rates, which were inconsistent, and. in mechanically ventilated buildings, with j 

overall levela of maintenance, especially with regard to filters and cleaning 
schedules. In particular, there is a need for a standard filter testing method 
for respirable dust removal. Furthermore, if these buildings are representative j 

of many Swiss buildings, control of Lagionelia bacterium in cooling systems, 
improvement of hygiene of air handling units to maintain low levels of bacteria 
and fungi, and abatement of asbestos containing materials in exposed areas may 
need to be given high priorities in order to prevent immediate and long term 
hazards to building occupants. 
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